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This tiMisit $M i i i r i i t i la f i f» «iui9t«ffi* 6ii«9t«r f u 
^ « i^Mimt tettraAwtlMt« Afl*r • %rt«t ]it0t«n*«l tlNit*!! • 
•MtpftrlvoK IMS %••« ssite %ttwt«8 tyvfNitf* tttSfpHiit !« • • 
9* flM 9re9«f«tiMi •€ MrtlfteUt kt iMf sMAiiaMi* 
6. ftw |HPt9Wnitt«B of tmt • t t lv* 
•t««eifl«« • • p9lf%sti» «eti Mlt«t hrArviMi oaitA**, attat 
itR««xiiHMisf* ttvt ^Ni«M*i I r aixti^ amiUlm sctit* • f avtals 
bslMtlBi t« f?« • 9m0 Vf p^ Mi9« sf Hi* fMrUAls ««iit«* Tli«y 
• f t •stPMMlr ftw«tiAt«« f l i i l r #«^pft»ltt<«i ! • ttmi<Hitl««lil«» 
9rt«tpit«tt4. flMi %««t taMRm «iiih«r •€ tl it i a tM* niiitfe hM 
Ummmmf i t te« %%m mmii * • MI t«ii««xolMHii*r f«tli«r f«t«atly 
( • ) • t i bM • htgn M lMt t f l t r f^ ^•^^ tt ted • ! • • «BMi 
SBliStt iriHlili n^m urn Mipliii#irt« iNiMirlwar i » p m i t « t ^pwi ^ N I 
fR At M M • • t ^ t l M * f lM praM«« • ! « %• <lti«iril«i i f H M 
Ai(QB>|*1H AIC<»)| - s ^ AioCai) ;«i^ 
wviivMipiim pffvpiritiiHi ivifWFni sivvstni ppvoupiv m W I I B V I M I 
«»f b l i ^ r ^ • f i « l^aa ttMi i it iwit #fttlfltt ! • IslfiolMMii i« t« 
ffSfttr t « f l M « i l if Al''^ aiii AiCcMfL «««lai»t»i it^^» f t m* 
iA«tw I r i« ft t * t w f « t t « t • i i t tMi m^ l ! • • ami«9ftl«ttt H I I M I * 
^PMvVllWlMill Mlllll* M(19I9 ffPV ftl'ft# INMMMIlf' MNNI Ml tli<ll||(l'nft9 
t«iH»»Mtitii^ftff«« fiMir • ! • • M i t r fMfftfwi witf imm tifgib t i n * 
«llt«lt ••t«t»» fU9f at* ttMial til M M Mii^Afwlliii «f vaitoMitlvt 
fMintton tfcmi ^Mlr #fi«iltt •oaB««rf«ft»» liiitfMmwi Mii 
tiMittoa fti*f««y«Kt<lM hMW 1i««i wMid t«r 1^ mpt^mtivm of 
^••157 «•« i^ wfO frwi ft»tl«tt ppoiMiotft In mMlm W A I I M * A 
f««i«t tff«ii4 li»t h»m ttt ^ « • ! « % <^ lM«#aiaiim^ l^ r>»p«trtt*« 
of ftrtooiPOBttftt oHioi^oi oo ftltoo § • ! Ct) wt ffoolo %oolHi ( • ) • 
l^ior ofo mportoi to 6i^ y« iWHiwio%lf iooi o i i k t l t ^ te oolio 
osi oti»iltioo ontf o fttg^r oolotttirllr for ol iol t aoioio 
•fooiotlr 00*137 ^MMi ^ 0 otopto oolto« 
iNHofopolfootd oftlto mm olio of loiosvot* A oo i^ r 9t 
mmh oo«f4NMiM kofo %o«ii piopofoi* fa tiotof^iiolirooti ootto 
tiio poront oeliM liotOBf to Hio otooo te«4tot«fODol3rool^ tMnrtoi 
t ^ fOOOrOl lOfWllO %^|g®||(|**%^ HilOiO Jt Mir ^ <MM of tiM 
ooYotrot olMNNito toeltttftoi fkooi^^roo^ oyotste ooi otttooo o»« 
T 0 nifftfviit' otMMsi sooh oo mliPbitnoHf tnBiCOtoii tuM mno^toB* 
Baotevoli me fHlollovolto f l f« t looogotiNii ttiot M M oi i l t too 
of fOSOtltO tOOO tOtO MMWEMmfW OMNtfllwipllOVj^ MltO OtVOOtOflPO tfltfSO|| 
ptoof^ttotloB oooonoi %r o t^ootlol ly ooofol ooitoo MMIIOI^^ 
ffooooo* fboy i^ owod tbo oot^tl«o of nooro fmmtltioo of if« 
HO^ 01^ f 1^ 1 ^ OmMNlltti llOl|%iO^OO|fe^O ff«« OOttflO OttfOtO 
OO^ tO Ot fOOO tiwpOfOtilfO* liltlltlOtf OOdtOlif OOtOlMlf OtFQBttOO 
mt$ %oirloii ofo oolr alti^ttir t^rlMii ooior oiotlor oootfltlOB. 
fmmm ooltt or viiMd Mtto of oooi of Mio «otol lono 
foootoo loo mgBUmm^ froforttoo HlfforMut froa ttio oteplo folto* 
Smmttmn tli«y A « i Mptrtorttr mmw 9UKplm M i t t * f lMlr tlictmiil 
•ta^llltjr ma «li«ii««l ttal^lltty I t WMislly klglttr Uum wUtpt* 
•»ltt« fti«MI llMftI* mtiB •#• MMPt •*!•«% I l« WMI iMIVt klflMir 
fk« iwtffo^tttoe tll«tt §«•• 08 t» irtioif ii«w • mm •«%•%•»•• 
•as ! • ^•i««t«rlMiS • • Ml %<m*mai^v$9v la tanw «f Hi* Ion* 
•aefcai^ • • ^ t a i ^ , i^tMitosI «»# tb«fMl t tAt l l l t f^ •anpotttlon, 
p*tlt i«tlQii«t •tri»tttt«l •t««l««t •ot«atlvtt|r m i «Milrtl#«i 
•91^ 1 ltt«t !<»»•• 
fhmti^ ^ t r t teaiw W«is oet«t««il»g lte#«r«tt«Al wi^lafMMtti* 
titt M i ^ liai aot %««B rta^iai i^*i« m0 ^rop«rtl«« of lo««» 
•xoNii^oro o«« %o f r i i t e to i frOM liiMiloiil omoliof«tl««o olooo, 
m tfto ipfwooBt otollr « ottoiq^t leoo %Mn wndt to o^lovo 
tito folloiring ioolot 
• TO flNI'Pildp WlfOfl la l l l WilOB afO MNfV «BvnMill |P IBO 
iMioailoatIr atukla* 
t * fo ipitlioolito loa«os^Mig«ra opoolfto fmt oortata 
MOi^ ai ioaio« 
5* to Aoiontla* ta loot tT l^ oooffl«l«ita la niii a^iotta 
«tdla Mi^ vlaoi aetvaata* 
%• fo aipflr tba M|iAg«tleiia of «»tal loaa to aaaqilaa 
of atlayii* 
9« to iaipftlop Ofraiallliia tea««attiiafliOf«* 
v | ^ Umim §m%9 to irt««» tlui fi««««t wmk wm wm§9)Wtttmm 
to «fBt^etm «lff«r»«i {MiSy«il«ofl %mm4 mt ttaCf?) MMII M 
ttii(rf>«t9««|ii9iifb«t« aai tt»(ff|^«ni«t«i«wi#»iiM»0»t« Mii 
to ttiiir tii*ir i»«pirtt««« Amlyttoul •t^IMMtlcnt of tii#M 
«ttmtltfttlii» Mp«i«tl«na • • ttwir •OIIIMIS* 
CRisftcr f l Atftl* witfei til* eMifiia«tlv<e • !«% «i/tk« 
•iPBt^«t« Mii Ion i»ii^i«i^» i^n^wrtl** «f t9i«t#« miA loin* 
^e»|#iat*t mf tteCXt>t «tro«ntni(IT) wii troM(tff) i s i tt(« 
••9«ri^t«ii* «t «tt«l loM <Mi tliiCfvM^<M^^P^^i^* tolfiMM* 
fbtt vmrt v«t MNltrtirtm %<i#wMt Mirlt»r • t« i t * t mim ttMit 
iita»i3 ••!%• tttiMillir •slilliit i i t i^ r t«i tiMi^ag* •«ptt9ttt«* 9m« 
1i«tt«r ttiMiitfit amB tte«f««I vtiftllttlMi • • •MIMMWA t« iit«i^l« 
• • I ts* 
A llt*rcl«rt •«rv«r alioiNi t M t • ninriltr ttt tla(f?) 
w i t * (9tl9ttt) liww tM«B atiNlt^ A • • l«i •a^«iil«t» Imt no 
«f«tMMitt9 mmpmtiwm na* totmi M i * on tiM too oMMmi^ 
^roptrtioo of ^ O M •otorlolo* 
f t hm9 litoo o^Mrvotf tb«t i^* too osi^iofo oofooltr of 
awiHto oolto 1*0* tmt toiofioofi^^Ni oto to fWMffol l i t i ^ r Wmt 
tfcot of olsilo Mtta !•*• toditoo of «ttatt* l%o «piar of loo 
oxofeWifo oo]»ootty (for K )^ f ^ ilffoyoot toiotoo tmi totfofliotplHitoo 
of ttol(fY) to 00 fOttOVOI 
rte|f?>*te4StopkMi^oto Crfr«>> floCtV)»toihiflioo|lioto 
•i # I* 
tMi %te«iir MfmratlAM • ! MMlrtle*! ami l»#ettri«l tepMrtwMM 
ftaiM %*c8 •ofel«f«i mm»9wt*t%f M I M M I I oolaMie •# t i i i ( f f ) * 
l9«»i»^«fii«««« fb« wifMfvtlaB »f trfm fffM tttakal t M %• 
a t l l lM^ to ^M ^t«fHlteftttOtt ttf iwm amA « i ^ r atiftt IIMM I « 
l%«ft«r fix #•«!• witli tte ^mtlMitlt af MBt mm wNi^ las 
#f tt»(fV>«>l9lf«fli#9{itot»« iNi tot*f«tttsi f)tfttttf« mm9§$4l iffewa 
MMrpttM iNifiairtiHnp ef #tfittWRt •wtal t««« on tteCW|-
hmm %»m asantotd* A ftM^rtnon of m f«lii»e #f mf^rmi^ Mtal 
• 4fc 
1.1^ 19 OH il^ to awM tMs MHiMMHi^ ll^ iT to X f999t MNH ^ ^^ ft fiKM tea iAaa 
iNiaa fla#i» Xf liaa %#iai iriNNii*va4 %lia% l^ Ni atfaawy^ toa ti-i^ MiflaMf 
af natal toaa aa itoCfV)«laltofl«a{)liata to atj^vatoHljr afi iaiai 
• I 7 t -
• f attal Ions Mtf* %«fit •9fai*¥«f w tteClt)*l«d«fite»i^«t« 
eotMWV* flMtt Miitfvlidii* tiigfttl %%m% miter folltttaiit •Mt«l» 
mi^ • • !%***, 6e ff % •«»» ^ emmmimittr wmmmM tiwi v*t#tr 
(^•ft«r IV i!«t«rt^« tfc« ^m^iMts 9f • mm «t«M of 
loa iHMtoMqior §«•• • t t i f lo mttm Mmt^i^m of tii(ff>wt«it*to«» 
irtBii«oi^ooi^iit« imm %•#« tpi^ooiooi «M ftolr too ovtlHM^o 
p^^erttot ofv oii^toi* tori lor otoaioo oiioir tMit tfoiAilo oalto 
•aiiS^lt %ottor im oio^niio ffOfitrttoo ^m oi^Io oiAto* % 
til to proAtottoe o trtfilo «iSt t i ^r»t^ol«o# oai ft to i^MMnmi 
ttHit %f looorfioritloi ttefo* tflffotoat trfoo of Mitooo la tfto 
•otrtst tlMi o« f^iflig» f>roporltoo of ^o ••t«rt«& ai^ te 1tapvmm§ 
fort^r* 
^ 0 vortooo wM t^oo of tl»(lV|«4iiiH|o^>v«MMlo^oaiiioto, 
owipio ftm^-R to oiiMOtt imp dotolloa t^o^ oni tto im 
tm^rtioo ofo oooptto^ irttli OMflt f fW.* Botk tko ooi^loo 
oro ipitiiootooi tn o«»ooo of mM l*o« ot ^ looo mm ooro* 
¥loCfr)«i8aiotovoBMo^Mni^oto Cton^ to ffVP«> to oyiiibtotooi 
%sr o«#ti^ 9m^Wt •oAloo wotfmiiatOt 0«<KI9i Miion toofototo 
muB i^m pHooffcrnrlo oeli to 0*iN otoonlo ^ t o r l i * Is tko wtmm 
rotio of l i t t t i l ot fff • 4^ 9« fisfilo WWJi vot proFtfoi %f 
rofluxtog tbe foootpltato of wmpt^ flTI^« to tlio tvootloi 
•istoro* fUe IAMIIOIII ootf ttoniol t t i i l l l t loo of ^ to votortol 
^9 • t * 
hamt IMS ««t»fiil»««, i f i i « t 0f iMi^tiig m Um pr^fimrifB of 
tiBCfT>»ia8t*toVMi«tf«pii«ii!iii«l« ha* ttlw hmm I M ^ i v l a t i * f M 
M»trl%Qtt«i «mitft«l«iii fi^r ttontrottt «•%«! I«ii0 is 
fontttt wttf •90imi fwmu %sff»r ^ t t i n * i^ itffwumt |if ««r« 
i«t«f«lMa« A mmnp^rimm »f HI ir»lii«« in 9*10 v H t r M t Imtftr 
•f^ittiVM fiMnifilc tlmt WB IPBIWIH svft is (MMWII I iwfjr (feljKk itt 91V* 
f t h— iMM fooaA t6itt tUt ffr #f ai« tttfDtr t rv t * * • f f t« i« tti* 
1^ imliMrti of ««t«1 font* Wi W I M of th* iMt«t ton* intrwiM 
v t ^ «!• iMMMM In iff of tiie %aff«r ojrsttitt* I t «oIii« f i r 
•IflKMli «11 iilO • • iO l fiNIO lOMtM* tO O ««steHI VOlOt Ot fS«9« 
«!}•« 9iR of iiio oyotOM for^or t«Of«ato« o^oio 9t CI iroioo 
flM ttttlttr of tlie attorliil hm» %#»» 0&mmmtwa^^ iT 
•ofei«irt«i o BwiNir of btooty o»« tofoory otfOffottono 00 i to 
WMll OOlOMOO* fl*0 IllSOiy O0)l0f0itfifli of OOAitlMi flnM StoO WtHJt 
%9 ttttttao« for tiio roootorj^ of ooAotuM tftm Siiiolorlfo maA 
Golttvtoo ofoo« 
Oiofitor • r«i»oft«/W tn ttady of «ioCff)«4«a«oto» 
vooo#oplio9i)iioto o»« oAHnrption %oiiftviottr of O « M ollplioilo 
osf»o« 00 ti»(lf)otaaio^«woAo9iio«i^oto« flio o<lo«r9%ito 
%oliavtottr of osiooo IMO ioM ototioi I K mmmimmm ootfosto 
i«o« ftootal oootso 0014 oe4 iflosoot* WS volooo oro oloo 

- t M t * 
1f3*AJI^«6tm«y l i p t y t *M«9M (f94^|f§ B«8«MMiittMif 
Y»««OMf»r« • •A«f r l *« , r«4l«0ti«ptlS«t f • • • i M f l , 
0«Mi»«ifllitagt«it 0«6« 
f * l*^*!!!!^!* Mitt fli4#il«nite«9 l i Wi$ (if9%>« 
a , 517 ( l f5t) . 
9* S^ttMHsnif BvBnrilHi M I 8 KtWnwlMifclf <iMil»CteHi«Ait>f 
7« 8«iMM«itrf t«tei* t i iM« a . i M i » * « M i •!!«••§ iJtCi)* 
f« lt«0«PMlii, l«lMMar« V««iMnM, ftttiMit J ^ r M M t t i » » 
Illy 179 (t97i)* 
tU ll,Q«rM«li ma 8,0.«MH«lt]|« AMlvOfeMNi J | i ( l ) t W (1977)* 
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Dr. tVEO ASHFAQ NASI 
M.Sc. M.fhM.. fhO. (Alls) 
nwM t i f I f 
0«|»«rtm«iit of €li*mi«tnf 
Ahgarh Mmitmifukftrrttf 
Alifork-Xmt (Vfl laJte 
Dated ^^* ' • ' * * • 
C C R T i r i C A T C 
This i« to ctrtlfy that th« «ork f»tsttni«d in thit 
thaalu it tlia original work of Mr* Uaqar Ahaad Siddiqi earrial 
out undar ay auparviaion and haa not baan aubnittad aarliat at 
a Ph« 0. thaaia. 
( Or. SYCO ASHFAQ NASI 
Chaniatry Dapartaant 
faeulty of Selance 
Univaraity of Sabha 




THESl*^  srCTlON 
f t I t vttft t i i w w fl«(i»«ft ilMt I ptmm «§ t—mt€ my 
m4 gsidt 18 «ot« tiiMi ««• « » • • af iii« ««Pi, fNat littroihMtni « i 
to tte f U M t t t t t ^ WUl mt Mi««t i f l« tWPt#tfC«ttMI« 
f m bttfttir fttdettotf t« i*r«f• v,aMKi«i ei»tf«Mit 
«NiM OMivtAat memmattmmmm% IMW tMlpM at •iNi«ttftf«iI|r in li««iiti« 
^ « progm99 9t tte ifiMrt at •» meiitmemnii ptM* 
flMI t»V»l«i^l* ll«lf Ml4 t t M l f M^iOatiMMI UfatyNI to BO 
%r ^ * fttf^klo tf«Q«roiiit «Ml Mr* i to N«8taitQt«ar vootoMii 
•olloogiioot Aurteg tbo pp»|i«rottoo of tiito ^oolo to tlHHiltfHilr 
«iiEiMirlo4iotf« 
% gfottfiiotloo offo otoo «no to ^lo OomoU of toionttfto 
ooH tviootrfot KooooMb (Iteito) for fteoootol oootottooi. 




WAffSM i n 
eiAms i f 
oiAnti 
I t l i f Or rfiKMIS 
A MMPAtATHi tfUnf W f B fflRHIISXi i l B 
tm mmMtm vmmmmn w tommmwmimB 
m 7»Cif), mini im i»iii(fit)| 
mfsmktmm m letAi. IONS OK f»(ir}» 
fMftfiuU&iVlB JfltB SIWlKMlc mm^AnkmHimm em 
NIVMi IflHS Of tai(ff)«IlliQi^tfeA9l 
joiAi^ fneAi. Apfif(Mffi»» or ?» ( !?} • 




t i t 
iSi 
( t ) 
ntdR8fms or loii&imftiBAiis IMT fn(x?)» tr(fT) ix& 
iiQii(m)i mwimfmm m mwnt mm m tncir)• 
i« mmrtmi wtmuB » MiiMnftt»i AO10 mt^ wmomsmfw mn 
sitfiMit m^jmkfwm or MITAI, mm m twinuvm^ 
PBOB nSAU.« 
$» smiBBin, n i l BxomifQs moft t rns AXU issMXtn^^ 
%« SIPARAflOm AlF^  aifiiiflllAfiQRS 9f SOMI AS»IfBAfSO iWlfflS 
m fii(if>.4eii«tf0fAiiAffiin»ii«A«i« 
( I t ) 
f»%!• 9 9|r>tii««it Mii y m ^ r t t M vf l«ltot«» m i 
toi«9li«i|iMi«« « l t te ( l f )» 97 
f t » u $ t i l •aiiMMg* MMMMt^ (a t i / i i y i ) «f t«i*» 
Mtt tMl* 99 
TilbU • S f fMt i f ll»«tittf on I M «MlM«e« ••yMlttjr i f 
imtipm§ t t e ( I f ) I t c t i t« i •xriMMgMP* «t ill 
(«.9^.9)« € i 
( t i t ) 
t«M M ii«ClvM«««fiiot|ili«t* (199*1^10 «i«k) 
r t f t l * t i BI(itHfe«tt«tt «««ftt«t«Btt (til g ) ttf «»t«t 
imm (imiM •ttvogtli o«08«o*0^) «» t l » ( i r ) « 
•olimit i r t tMit lit t5 ^ 8 e» f t 
• f titt(tf)»t«A«piMM||^il«l«« 9S 
ftMM i% Dittri%«ttf« • M f f i t l M i t * C«l i ) •£ a i t« l 
letfOfltMiiMt* (•W|>1« f^m) te tMSCMitirt* 
mU alstwftt at 89 ^ t € • 89 
fi%l« 19 tM«trt%«ti«i • • • f f lv i t t t t t (Hi g"^) «f Mitai 
i M i (%mU •trtwgtb 9«l^«0*0$) OB t ta ( IV) * 
toiOiiik»»!tb«t« imm$li9 Tff ) i» imKM««tit 
atlH slxtafaa at 89 ^ 8 6» f l 
Tidila f t fHUitrftettia aaafflalaata CBI g ) af gtffaraat 
aatal laM (tmU attaagtli 0»e8«#«e6) as 
tUi<l?>«lad^p6aailMita la iqpiragaa twm at 
89 • 8*0. 95 
( t v l 
« l f f«mt m%ml i«i« (touts •ir»«i«i e«OS* 
•onitiPid «» in* «9l«Mit #f ti»(fr)«ioA«« 
yiMWifiMnMi* 
f i» l« m ntlft iii«iflag tlw jptpmftwffitlt^ • f mms>l99 
«f tt»<]ir)«#iaii»um»iitf0|rib«ipNil«« 
fD%U i t fiB maiiimm •aftttty ( a t i / ^ g} mf ttaClf}• 
9tfkt« t3 eiMKttftl • u t i l i t y ftf tte(IV)*tiMittofWii«** 
|iMft|ii«t« (•Haul* ¥fVfU>« 
M%l« i f I f fMIt of t l tt i «« t i l * AiSAfptim 9f MtiA t<NI« 
«• ti»(l?|*t«Mii«l«iMi«tfopli««(iii«t« (•mpH fffrus, 
99 
t i t 
ti% 




l^iee M^) at ts i i i« 181 
liliff Of flOBfllS 
f i t . S«4 itpwtttlmM ftf % ^ - « » * * i i i * *«Oi * * | l « i * * - ^ * * 
rig, !«• t«9iaraiti«ttt •€ »i**-.®i**t »i**-y»'*i ai®*-»i'* i« 
m , 3«A I t tfiMtf* of tla(t?>»i«lofi^«|)liat« ( M M ^ I * 
I f l f . % ftMUMfna of tiii(lf)*l«tf«fiMMplMit» i» 
f i g * 9 Pl«l« of l« t W vtt Ml imi t •M|po«tti«a 99 
f i g * $ n « l « ttf I t i M ¥»• Ml^iittt •w^MiUl ia 9 i 
rig« 7 S f fMt • f i w r t ^ i * • ! • • •t ti»(TTMoatifiifpii*— 
|S fwni) M liMi HI milwis #f sMMit t iwi Is 
W linRp 97 
•Ittmt «tt ilM ••fvmft«i» of f lr*^4^ I 
Ct**««p**| tJ^^r*^ 9mA ftn^^Wi** tat 
< ^ t ) 
Pig. • -a Bffit«t ^ ammev%%m attftwi (fit Mt t lA mUt\ 
f i t* to P titv«ti«i mm— •f ti»(iir)*tHit^«**»«i^ 
fig* it flMifiii'im ttf tliiCiv>«4itattt«f«uiA«iiio99ii«i« 
(rrtr^) is i^ Um tto 
r ig * i9«<A ••fwratiMM ^f m * ^ « ^ ^ | 0<^^«jte'^i 
r i g , iS«» i«ffti«ti«H» 1^ 14^^««4*^« m'^^iPk'^ MNI 
©•"wi l l ' * t!» 
Fig« t5«e ••fftiwtiwMi t f f^Jfii^^«|»»^ M i 
•«'*»f^-«r** t i t 
rig* I4NI ft tf^ tftrtt of tt«(tf)«4Mg«t«v«»«d«iiMfpMt« 
rtg« i%«t I t tpMiff* 9t tiB(tr}«4mg0t«f«ttii4«ffe9«fii4t« 
(MS^U Trvrji) i r i t i at ip«Mitti ttsptivtwis i%i 
0 n A f t % B » I 
mmimmmmmmmm-mmmmimmmmmmmmmmmmtmimmim 
^mlitsltf* aMlr«t« M* tto %ff«Mrti ipa»ttt«itvt mmlfi* i t 
mi« •MttteM f«r licadifttMitiini** All t^«M namtt tttlHil^aM 
t«f8tl^r fMm t M m^im% • f HiiBlMa M«ir«i«t lAfttii l« %••§# 
of «Mir*ts <HB« itirt««« teio ^ra ivMMi ifoi^t vis* tettwiutti 
ymrtwtm ftafogrtMit wavlc ^ l i ^ #«r t t« •» ! io i i r 1k«t i M M M ta»ir»» 
miiptmia ittiiifli ttf w oiint I c MM iHiMiii<iiHilif i olMHIftnliMMcl** 
• « • WmBmBfPf^ WIllFNif I d l W l I O B f FIBS 9f<m ••9«lft4pMI 'IHMI « U ( l | n i l v 
te tti« f i» t i • ! ••p«fatl«M •it«M«« 
#liiNM^^ HMF H i t f!PM #Viii iMilNKm liiMi 4Mni tft IMMMM #tvtltiwit0K« 
A« I f • itfHtiRg trUttlit t * ttitiif* %tm •«r l l t i^ •• t t t iM of nm 
fveooM ! • te t ^ nolr i i i to (t) iqr nonrti IIMMI»* NOMO oUiotf 
f l iH btitor voUr • • B i« « i i i i r lok i iU I r ••tat f ! •#•• of « M 4 « 
Arl«t9tU (t) 9im%90 tfc»t Um m» w%9r low* f»r%m • f m%% •Mt««l 
vii«« ftlt«f«< tiirwii^ •triAitt %fv 9t • • t l * ¥Ni I M I — i t i i i f 
profNnrltM #f VMii ••ll«l««» in t M ftvvt M M (m§ ttot •# 0ilimi«M 
tft l>il# MMMMI^  • • • • § Vifjb^ iMVi fntl'tliA %• IttpPQW l^ lMI fdClM Vf tMHfciwr* 
Tml v IMWm m i 09WlwpHNn»V MM slMnT *l^pOT«9 WXVf nwWWrf 
«ipl«lt«« ••atari** l«t«r» 
iwavticvtwm tPtflitflg twiipiMitat'I]^ INIV* IwmiUiiMitf la tlm M M I 
itviM at tfa« MM* |*«pii«tt i * ffc*a>>*i. C$) Mtf ^9^ (%) t» i09Ot 
1*14 1^* fMUjAttlMI 9^ I M I MMMMHB^ I* %f' 'IMMMI *StlinilS* iiM **ilc 
TMy fl»*trvMl ^ * t tiM Ml^iMi ami «*iWMi«i ! * • • * f • • r i a l * typ** 
• f * * t l «Mit« 1 * MiMMMfM i*r 9aia**t«i aatf aMiiialaa ioa*« I t 
va* •*ta%ti«h*4 tir Sl«&«fa (5) tiiat aaaltt** tmm wpttrnt^u f«r 
f i l l * loa MMlMnii* la • • U * * fli* f l iv t iqMtftatia ala»lalaa %**•« 
loa auMiaa^r «•* mm W Wmmm aai SMqpiar (6) la if09* Aaaariiag 
t« tiMMMfi (7) *B< vtagiMP (•> ^M aat*riaS* ta^pMiatiil* for ^ t * 
»ti*a*—a*a «*f* aalatf a l i ^ t aaaltt**, glaaMiitaa tmi Imala aau« 
Mibtttaaa emm ai*ft*d tiita taahalfa* t * rtaafar faM froa **a 
natar* Bat bl* a^lt laa faMila*4l aafalfUlatf laaaaa* ^ * aBt*rial 
at tfcia tiPiM afalla%la at tMt tiaa yratatf ta %a iMtfa^aata far 
t i l* pmtp^m^ Gaaa <9) jNNMCitwi t M p n t t i i * ! « t t l t1^ af tiia 
I M I *iMti*nf* liMttMMWMi far aatar aaftMiiaa twit** aataval aai 
afKtiwtia aaaltt** caA alaya* fiM firat laiaatrlat inwiaat 
aiipttaa^l* for t*al»l*al fny**** vaa aailaa iMiMittta abUMh va* 
prodiMMd br tuning m «tve«r« of ol^r «iB«rt l« mid « lk« l l«« . 
Foltn and B«ll (iO) wade tti« f f r t t «ft|)l l««tl<M of ojnittictto s«olttos 
for the ooll«etton ond ooparotlon of 9mmmi» trtm oriao. Tliaa tha 
aarly ton axetianfara wero largaly tnonaalo la aatar t , 
An i i i taraatt i^ dtaoovaiy bagao ta 1935 wboa Adast and 
T!o1<«aff (11) found that eroaliod iihaiiofrapti raeorda oxlitbtt ton 
•leohanga firofkertlaa. Ttita rawiilraMe offaot lad tha Invaattiators 
to tha ayathaata of organle loti aiohanga raalna whloh had aneh 
hatiar proparttaa than a i^ of tha praTlmia ]prodaeta, Thaaa raains 
vara datimlofiad and Iwnrovad h]r tha fonMr T.O.faiiMB Induatrlaa 
In (SamaBy and aftar world var TT ohlafly hy 0(MiT>aAlaa In tha 
tinltad Stataa wad fniland* titioa than thaaa organto Ion axehantar* 
faava haan oaad hoih In lahoratory and on Ittdnatrlal aoala for 
a«paratl«i8, raoovartaa of a»tcila« purlf teat Ion of vatart 
eonoantratton of alaotrolytaa, raaetloBa of T)raotpHataa and in 
alueldattni tha aaohantan of iMiny raaetlotia. At tha aa»a t tna, 
tha ajmthatla of organto raalna »ada I t poaathia to vary tha 
nroTMirtlaa of Ion axehan^ara In a ayatMNitlo waanar* A larga part 
of our nraaant knovladga la dna to tha l a t i a r faet* 
Organlo raalna ea« ha iQrnthaalsad althar hy eondanaatlon 
of T^ hanol (raaoroinol, hydro^ttlnona, para and aata^phanol aulphonlo 
eeld, ato») with fomaldahyda or othar aldahydaa In tha praaanea 
of aeld or haaa aa eatalyat or hy fiolynarlfatton of atyraaa and 
dlTlnyl haniana« 
4 
f t t« t«f»ort«iit to not« that tt i* prttUvmt sluMtld h* of 
mitfom itualtty. Oondttlon for ttio firtparotton ilioald %• ttfontleol 
oof! dogrto of ocmdlofHiotlofi n^ool^ a l io INI lAMittool* Th9 dogrto 
of erooolinlctiii of tbo prodtiet ««ii M oootrollod to ooao oxtoot 
^ ehooatnt tiro;>tr ^oo sotor la l t * A eomioii dtooHmmtofo of 
eondonsotton tjrpo of Ion oxebaefo roatoo ta that thoy alao oootafn 
phoaolte hy^irogyl iftMi|»a hoaldoa tba atroogly aetdto, woakly 
aotdto or woaklr haato grotipa* 
fha pel3nBortsatl<m type of prodoota ara atif>orlor to 
condanaattoQ typa of loo axohanga rtalaa* Tha f l r a t ftotyaNirisatfoo 
tjTfe of ton axohaogar vaa itrotftioad hy !>*Alalto (12) ta 1945 •nd 
f l ra t ton axohmiia Mraihrasoa vara ftrodaoof! hy iloda and Pfe Hat^ (19) . 
Orgaate raalna vhleh hava fm^n oaad for a long tt«a for 
ion axehanga OOIIMW ehrOMatografhy (TECC) hava high waohaoio^l and 
ohamleal atahtl t ty* ^owavort thay ara daooai^aod at alavatad 
tavparaturoa and ondar tha uraaonea of tootalng radtatlcma. Tt 
la doa to thoaa rti»tm» thara h»B hoan a mwiimii intaraat in 
laorganto ton asohaagara in raoeot yaara« aa thay ara onaffaetad 
hy tenlalng radiation a and ara laaa aonaitlva to blghar tawparaturaa, 
tha airaetura of thaaa Inorganfe ion oxehangora ara at l f f^ tharafora, 
thay ara «ora atlaetlira aad atiltahla for aar»arattona of lona on 
tha haala of their diffarast atiaa* Thay oun atao ha oaad mm 
lonio or aolaoular alaraa, f i trthanora, tha aynthoala of aiioh 
ton axohangara lavolraa al«f>la prooadaraa. 
c,B«Aii^U«t (f^ft?) in ill* 0Blt«« Ilaiitoi 0$S « N I «M«ll«ii w r^lr 
en tti«M iwtMPtat* at iti« teltlal t tafM* f M iMnrk sptA 19^ lias 
T«fB BMrtiongtrt** TM l«t«r VM% « I ^ 1990 IMIS %•«• ••»<•»••< igf 
p^tmm ma f i M l r (t9)* nmrtUU (fl(i»8i>» At%«y|l (iit,85) « i i 
v«U«i (t%,85tS6tft7) tiAv* Alto vorlwtf m AtffMpmt ftoiMMtt of 
iQTBliiHM laofSMi* i M •aSMntofS* Hi fiitfta* ^mufkt mui 
mommttmmr* htm* fimpmft « Utg* wMftor of iMte IttoygaKii anlttiatt 
•«« •iotflotf tiwtr to8 oaiiuiiig* boNnrtoiv AHPtag t M taoft timrtjr 
yMr* . iMMior gi'^ NitlNi vl><^ «ni ««|i«o4 ts ^ t t f told of toeooioU 
md uliooo voft to of oicotfiooni iototooi oio of Aail v«iio ot 
ii^oBtiatiaitw «Ml ^ Toa^ tott of ioov^Mi* 
TlM tooffooto too miiawiiro hum fooai a—owmo teporlaat 
ttuitsrtloal ai^iaaltoB* m oalotartaoi loloat 
t* ftto aapatadioB* ^ Mtat toao* 
8* l%o oo|M»«ltoao of ogyaala aoMiwaatfa* 
9* fbo tOHOfal of vatM* aai a ^ jpotSafwa *^* 
%• flio pwparatlea of i«»»ootootlfo oto«troioa« 
9« Tiio pvofMvaftoo of lapltfiatat kUbMy aniitMMit 
6* HIO iifoparaltoa of faol otlSa« 
7* spootft* m^ t«aia* 
flM aaalirttoai taiMNnaato of lyaiaiotit teMiaato too 
mst^m^m la aoa ftitOr ••lilitttfioi* fbo toirlovy for tho yoar 1970, 
OB too mmmm i» aaaljrltaai i^Mitalfy» laitaioa tiw aliatflaaal 
0 
•tttt«iitiit *Tb« tf^tooii ttdYftiio** ta ili« lust two ymrm a r t In th« 
«r«« of tiM}rg«Qi« tort txetMug*!-**** Uwa today t b U •t«f««eiit tet 
•Qttally t ru« , 
Synthetie inorfante ton •xehfiagar* maiy %• e l « t» t f i *d ta 
tli« followiag four ectegorlooi 
! • Polrboolo aeid M l t o , 
2« Hydrout otldoff, 
?• Ifoial forroeymldo*. 
%• riotoropolyoetil oalto. 
Toorgonfe ton oxobittcora of tlio f t rot oatogorr sro 
proSmeB by alxlajK tho oetdto oxtdoo of th« aotal* boloagIng to 
TV, Y trnd TT grounit of tbo i>orlodte tobto, Tboy art oxtrmoly 
tnaolublo, Tbotr eonfioattlott ta noa*«totot!to»atHe and dtpandi 
on tb« eondtttoRS tmdar whleb tbay ara praolpttatad* Tht •at«r ta i« 
whteh hava ao far baan ayvthaatxad toolada tha f^oapfiataOt 
araanataa, votybdatas, tuagatataii, anttiioiiatoa, a i l teataa, 
vanad»t«a and tallarataa of slroontiMy tltantOM, tboritai, I t n , 
earttw, obroaioa, troo, ttiobl«n, tantalitai, ato* fablaa t and 2 
aoMMrisa tba aitaeallanaoaa polybaato aold aalta poaaaaaing Ion 
•wehMmff proftartlaa* Stroooliai {^oai^hata i« tha aKMit axtaneivaly 
studlad Ion axobangar of th l t oatagorjr* Tt baa baan iRioan for 
ovar a bundrad yaara (28) , but i ts oaa aa aa ion isobaiigar la of 
rathar racent origin (29)• Tt ta blghly aalaetl^w for e«slu«, 
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ffteti •« liydrof«ii«4wyiiren ftt«l e « t l , ««c(i1 toattofi ttnd • r i t f l e l a l 
kfclney iNiehliM*. 
Tlui hydrouii oxtd«« havt alto b»«ii tim w i l l ••%•%!trtitd 
wmtBTimlB tor ton oxehaiigo purposot, frothlir fii«<ttplt>t«tf trliNil«fit 
lietel oxKlo* ar« offoeitvo to this rotpect* for oxawplo, hy^rotiff 
ferrte oxldo and forrte hydroxido raadtly adaorb aUtaliiMi oarth 
oat lime oooordfog to tNi lav of aaaa of aottoti (50) • Othar 
bfvalant oatloiia (3t) liatRi adaorlKid at^ oira pn ?• tn tlita prmwf*^ 
tba a lka l i aatala and allraltna aartha ara adaorlMd on tiio aurfaea 
mna art raadtly alutad vhtle sort highly oliarKOd eattont C«(TTf), 
Y(TTT), PKCTTT), ittt(TY) art tortiad tn balk and alotad only with 
dt f f faul ty (52)* Aarrilioitrlo oxidtt taeti at hydroot alOMtna awy 
adtorb t f thar eatlcmt or a e l M t daptadlng opom PH of ttia tolotlOB 
and th t t Itat liaan aterlbad to tha follwrtojE t(|oilt%rla (55) 
Ai(oif)J • m* ^ ^ Ai0((»i)j^ • n 
tine oxida al to thovt oophotarlo «KOhi«go proportlaa (54) • f r t t h l y 
nrootritatad wtffBttttiai ostda ahoirt ttit toairmtgtng proparttat towardt 
ftaetnn firodaott In tolatton (35*57)• ttxad oxidoa oan 1M firtfMtrad 
tn whleti taeoad oattona of hifher oharga thAo tha parant oat Ion t t 
IntrodtMsad Into tba t tn ictura, Tha raaolttng not pot t t lira eharga 
b(*tnf balfinoad by tha prtaanot of antana othar than oitdat and 
hydroxldaa» Exaaplon of aaoh Matarlalt loeludt Zii(<KI). tn whteb 
la^* t t partly rtpUoad by Al^* and Al(Olf)j oootaintng S t * * , T t * * 
2S 
or «r**, th« i«ii«rtil fonralM ini^Aii^Con)^}^ me '^^t^n*^^^h\»i 
«m«r0 W ^ t« a t«tniipal«iii oatidn ftod X t« • •oii«v«l«iit snioii, 
Qtuidrivaleiit Met«l oxides oro slto oamiimly oMid •« looft|«ato 
ion oneitaofiore tuoli at f^ iO t^ i^ B^ ot f^^g* ^^^8 *'*^  ^>^2* Aotuatly 
thoao oatariala do not i>oaiioaa alofla oxido fonwla aa givaa above 
tmtaea tN j^r era ifnittd at a btgh tevfwratttra* Tiier are fooad 
to oontata vai^tng naooBt of water whleli ia not i;>reaa«t m» water 
of hf4r»tim atnoe oa heatiog i t i« toat e<mtinooualjr over a miiire 
of te«|M»ratoraa* Cofia«f|o«stly theae o«i<!ea aro naoally deaerfbed 
aa hydroaa oxidea. fnooe at al* (5i*95) and A,ic:«lia et al« (5%*57) 
hmm done ittfiortaiit vorlr on bfdroue oxtdea* 
Insoluble netatl ferroeyanidea are used as inorianie ion 
exehsQgere. fbey are enelly prei^ ared and bave bigb ion exebante 
oapaolty. They are well Imovn as tbe aeavangers for the alkali 
•etala* They are ueeful in the aaparation of mdioaotive vaatea 
and fiaelonable aAteriala (3t) with leae danage by radietion than 
their OftEffnie oouaterparta, Perrooyaoide aiolybdate vat etudied 
by Raetaley et al* (59)» v^o deterBlned atrtietiirea by x-ray atodtea* 
They alao oeed w>lybdeniai and t^igaton ferroeyanidea for tbe 
aeparaticMs of Ca-t37 and Sr*90 from fiaeton firodit«ta in aoldle 
OMNlttMi* Tbe l(M»"«iobaage propertiee of large ntiaber of inaoloble 
ferrooyanidet of yarioua wetale^ tuoh at ailver^ sinoy oadniuM, 
eo|)T)or^niolre1, eobalt, lead.nanganeae, iroaCTTf), titaniuei, 
cireooiiai, vanadiua, atolybdcttin, tungatcm, uraaiua and titt(TT) 
h»im been atodied* fbe reoent trend baa be«n in tiMi ttudy of tbe 
27 
(%CI) «r mtcte i M i t (l^}# fflMT iHMPt %••• f«9MPl«i %• lunni 
ftMMflMblt t i t f l f t i l i ^ II I M i t e Mtf alfciH— tmi Hlgtot i»l««tliri«3r 
f^p lOlMill at ta lSt ^pMlieil^ e^miSf^ v»m mm t t ^ ^ * M i t t * A S I M 
IWim fllMI IMMHI pp§|MHNHl iR 1|i1l#M SillOffStCfflM# 
Mll>9f1ipOl3^ MliiS Wl%9 I M W iillNI iMMNI #jl Ss%MPMI%# A 
mtf tli« pKVMil « t l t e %9lmm t * 1 ^ • ! • • § a t t i» l i t l t fwyt IywiM» 
ttMl •WtVtl . •iMMttHS iStlsAil^t liHHQlNKfQMf MnHNliitt MM • I l i f tMl 
•ml T ii HifftrvMit • l i iMMl flNli Mi M A i M M M u ^WMisiMi aai v n M ^ i m . 
!%• h9%#S^m0il]r ^MpiMHltfS #ipMlHlEt|r IHMNW m lt«4MA]^M# # M 9 M M I C 
f t n i W i g B l l X tt*t tiW « M t t t M I ^ i M t l p I i « l » ISl# MMMllW 
WI>'l|f%AQ'|ll0t|lll'lt fNICMilKPi 4MlfVI4l pfWift|Hil1Ml%l<MI MNNWM %]r S 
MrlMMI^iiillfaf •(Mint • d i s n MHttlMMMI WraHNMI* H i l f rthOilffl MHmliMI 
•wil f1i#4tiil>tiil^ iinr ihftm n l f l t n sttivlU^ MNIte s i V M B %MnMMrtWNi'« 
Iit'iHllM^ Mi lMly Mit l lMlf f iV iH l l iB M i M f l M i i M M l ^ t l l l ^ l i r 
wn%ti M t e r • i v i l M M R i t i l t M * mm ^i t ^ M I I M M M I i M » » t i « 
gt t t lMt • § ^ M I M tMiMMHi p M y t f l l M t f I ^ M M l t « lM«t IWM 
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2'^ 
lMi#tfopiA|Fiiiilt {WiA'fto MMQT oi^ Nii* tiiliitinioi l i i d toSsNI MH^O iMiwt 
Oil'OO IMMM i|l'9wMI0l1M0 MW OMMlftOQ IS aOVOUl 00 mOft OlMHOmO'VO« 
t% iMo %ooo fomtf tiiot ioiikto oolto or i i ^ » i oolto of oooo of t io 
flA#iA ioM yoooooo i w MMNniKO fVopMrftftoo dtffoivoii to otei^o 
(olto* SoMMIteoo HiMtjf iboo iO|Mi"tov'n|f otoy* oiopito ooS%o •oftolir 
to l^hSPOO O0|Mli#O« l l l l f OfO MIfO fllOnil'll)^ OBA f^^lSllMEllf 0%0%&0f 
iiowiaiy asiair mt% mam oolotilvo te aotaio o«l fiMiSlr ttioir l i s 
o»MMOi^ ooyoottioo OPO %%0mt oo Ofpofoi to ^bmiT wUmi^ oolto* 
f t to i r t ^ tkio ftoOf otUntiOB iwo oloo ioo» i i i m i to oyMlluiotoo 
MMl tOfO0tl#0tO tOS OHMMHICO fMNfMliPtiMI 0^ l i l tO OlOOO Of tOS 
tdMiMIOIPMni* tNOM of tiMI AMwlO ool to pPO]plEPNI OMQPmiOV aOHO %OWi 
fopovtofl Is t i^lo 8* 
F<MP O OOOpl^tO MMMRPiyttOO MP 0 •OtOftOl OO Ml tOO OMrtlOBI^Ff 
t to o t t l t t r i t iptrtoov finlAi o«t I to liMltottoiMit ^ ^ ^ I t o H o t 
IMPOpOVtlOU OttOt OO wVtKLwtm% 
1 * TIM too Oflikoasv oo^M^ii^t 
V* HlO OtlOBliOO* <Mn imMKNlO* O*o«ftl«tjfy 
%• p t t tH^ iOOOt 
• PtOfr lOmOO Of OOMOIIF M M O OOOOOiB OVUWilOV OOn w&mSmmi^ 
yooooo^ 
6* x^tootiM|i 
7* YlMIMOiAfMOliOO* OOiA 
i * AMlytiOiA 0|P|4it«tiiM* 
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108 (1979). 
8%3. Akll^Mll SyMfVlt ftftif.iMilMBt» lim.it«i.]lMt.KUlilMM, 
81, 69 (1975). 
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torn «x«bfiiii« e«p«cltr t« on* of th« MMit ftmdavttiital 
f}UAiitttt«« for oliar«iet«rts«tlOB of mtf ton oxotiaiiio Btttorlat. 
Vartoti* t3rr>«» of eanaetttv* emn h« oxfiresoo^ is Hlfforont mmncm. 
Tho ettutltHriwt Ion oxehango eaf^aotty for « •trong ion •xeteftaior 
ean lit doionitii«d %T dtroet i l t ro t lo i i of otrong eatton oxeheftgor 
<lii It* foro) with » ttroog feo»«, Majority of tlio agmtliotle 
Inoxnaelo ftoa exebaiiiora %«Iiflir« a» a woak Ion oieteaiiior aad, 
therefore, tht diroot t i t ra t ion la not ralti»l>t«. tn thia eaoo 
loii*oxohani;a oapaelty la datorwtnod by raptaea«ant of liy<!roioii 
lona from the oxeltanfar pbaao by ttia eoontor ion« of a naiitral 
aalt oolutton ana then <l«tor«ilnatlon of aiiallllirliHi Ion oxeHafigo 
capacity la dooo 1»y fill t l t rat looo* 
pn t i t rot ton* art bolpfol In flowing ttio o«ttllt%rlOM 
oaiiaetty of tha oxcAiasgor »nA optako of aatal lima at dlffaroat 
pi! Talooa. Ttio RO^ior of laf loot lona la tbo oorvo datamtnaa tha 
nuMliar of rtfilaeaahla hydr<^on lona fiar noloonlo praaont la tha 
axohangar and haaee In thla way pR t l t rat lona holp In aatahllahlng 
tha atruetttra of tha na ta r la l . 
Tha Ion ^xohango iNiterlal «nat ha atodlad for oiiaaloal 
a tahl l l ty In aeldlc and haale vadla to ehoolc I t a I to i ta t loao , 
Tha i t t l l t t y of Ion axohangort In a fiortloalar wklloai la rooognlaod 
on tho haala of I ts a tahl l l ty In that laadloM* 
Tha davaloiMaant of •odam aaatytleal laotroBaiita haa «ada 
I t oaay to ondorataBd tho ohoailatry of tha vatorlala iiroparoi, 
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fiifrs r«a •pMiiiMi prttftett tli« pnwtm^m of «ttt«r ««l«eo1«s, 
w group* OBd •otol-floiygeii bootfo* X»i«r onalyolo ooafima uliothor 
tl}« wi tor ia l l» MHirpl»ooo or erystall l i io. Tho eiiior tuportaat 
t«clifiti|ii«* or* tMf«oirAiri»*tr lo osalyi i t •«« di f foront la l ihontal 
OfiatyBio* Tlio <diM«« tn obwiieal ooKf>o«lttafi of i M Mitorlftl at 
dlffarotit tawporatttroo, oan b« rooordad Vjr tbaf»a tvo iaelmlfiiioa. 
Tlia atmotara and thamal at«Mllt |r of iba Ion aiobaagor ean alao 
tw aatabllibod W tboaa toobnlquaa. ^ o t b a r awaf toporiani 
taohtilQiia la apaotropbotOMatorjr uliiob la tiaad for tba ^ tamlaa t lo i i 
of aii%ataooaa at lo» laval of ooooaotrattoit or at traoa aoalyoio 
lemi l . 
f%o dlatrlbtttlon of an loa batwoan tba oxohaogaV and 
aolotlen pbaaaa 1 * n waaaaraawnt of aalaotivtty* Oftan, tba Ion-
axobangar taka* op oartaln tona In prafaraooa to ^ a otbar lona* 
Tbia aolootlirlty maiy dopood a«lnly opmi tbo obargo on tba awtal ton, 
tba tonlo radtS of aatal lona, Tionan potonttal^ olovo ootlos 
and on tba oooplas foraatlon* Tba aatootlirlty rotoala tbo 
pooolblllty for tbo oaparallona of dlffaront «atal lono fro« 
«to motbor. 
Baaldaa otbar faetora, oolvont* play an l»pmrt«nt rola 
on tba adaorptlan bahavlour of MOtal lona on loo oxobancaro, 
f!i« Ion aaebanfa bobavlour of alaoat a l l aatal ton* In anooona 
• looral oolda of dtffarant oonoontratlono bavo boon otadlod 
axtanalvtly. Solvanta otbar tban «inaral aeld*» bOYO alao boon 
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u—6 • • •1a«iii«, Thvjr ar t • • i *o i«d «a tfe« ^ s t u of tl i«tr a«tar« 
df tnttrMttoQ with tli« wttal Ion* iiiid«r eonttdtratloiic ««g* e l t r l e 
aefd, fomto aetd, cwalto iieid, tar lar le aatd, pereblorto aotd, 
are ttta eoimiHsni alutnta u»96 tor eolinm oliraiaiograplqr* Ktotion of 
ttotat iotia l a inoraamil iKieattaa of oonplax fomlac Batora of tbaaa 
aowfouttds with natal tona. Osatto aottf iMlag a good «o»f>laxtnf 
acant« liaa h^mn oaad in aai^aratlcm of At, "Na, Co, Ito and Ca fron 
oaa aBOther. Aecordtng to tha tavattt iat loe of SaiMialaGn and 
oo<-«rorlrara, tfeaaa eonplai: fomtng orgatile aetaa ara aoiMtifltaa 
adaorliad oo a ttmagly batte anton aMtiasftr and att<H) an 
axehongar oaa he iraatad at a eatlcn axeliangtr and tlmy 9»n 
ba aoeeaaafttlly aaad for aalaetiva aaparatlona* ^^thylanadlantna 
tatraaoatata la found to font eonplaxaa irltli «oat of tlia witat 
iona. An ant<m amtiania rat ia eontatBlng EPTA tona oan %• 
uttl iaad for aaparatlen of atkalt natal tona froai alkaltna aartti 
•ata la* Tba alkalina aarib natala font ataxia eonplaxaa vtt l i 
£fiTA abova 1^ 7 and Itanea tfeay ara adaorliad wfella a lka l i notal t 
do not fora eonplavaa witti EirrA and i»ata tbrou^b tba aoloni. 
Sinl lar ly a lka l i natala and alkaltna aartba oan ba aofiaratod 
fron nnlttiralani icaia oalng mnion mehMiia raalna oontalntng 
oitrata ton. 
nttptte tha otitatandinft thaoratioal aebiaironaata, va 
baya not raaobad tba ataga vbara tha propartloa of ton oMbangara 
oan ba pradtotad from eiiantoal eoaatdarattona only, fbarafora, 
nora and vora tnorgante tan anobangara bara to ba ayntbaatnai 
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and tittve to lie wtttdted for ttietr loo onte^ang* f>ri»|i«rtt«t, 
Efforts have tmen »«de«» 
1* to dovolop sotorfAlo vtiieh ar« «ort thonuilljr wmA etioaioallir 
•tatilo, 
2« for ton eseliaBKtt aotori^ls upoolflo for oortafii tMtal toot, 
5« to doterwlBt volootlvHr oo«fftel««tt in tolotiont etbor 
thim aqitooM^ mmw^ 
4« to ttttttso InOTi^nle ton tsohenger for t«i»{trattoii of »eta l 
iona in aanplaa of allora« ntoerela sod o n a, 
5* to atodr tlia l»ohavio»r of org«iiie aobvtDiioea toirarda tlieaa 
•atar t t t la . 
vtttt tboaa itolnta in vlav, tbo praaant weit «aa tmdartakan 
to 8nitli«»la« ttia todataa and lodo^oa|)liataa of t t i i ( fV ) , SrCtV) 
and Iron(rTT)* Tin (TV) timgatovoiio <N»Tilioaf»tittta la alao ayiithaaisad 
and i t a Ion exohaiife proi)ortlai« ara ttodtod. Analyttoal apt»lio<)* 
tlona of th^w Ion oxohangara hi»va li^an exflortd W aohtavlng 
a niiaiber of ctnuntttatliro Mparationa on thair eolowia, 
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S6« J«t«r«tti« and t.Ctlctiidal, CoMpt*BendvAAttd*Set* (P«ri«), 
8«r.C., I , 86% (1967). 
S7* SjH,tmn6im and j«li«th«Vt ^•R*dlo«iftl*iaiMi,9 22» ^^' (1975)* 
S8« 6«lt*fa»aoe aaA J«llatli«w, CA««<l»it,Qli*«*, Q^^  5S57 (t977)« 
89* BaTomoea, 6*O0«taiitt»o MMI l(»A,ito»«iieei» J«01iro«atair«, 
30» 5S4 (1967). 
90* A,Cl««rft«l4i« G.D.Biittli WMI l^ H^Bt—OBtft il»ItoiirK.1ttt9l.G6«i«y 
22, 277 (I960). 
91. T.Tooaaawa and t^favlia^ Ibid. , ^ 1677 (1977). 
92* A.Claarflald and ll»R.8taaalag, fbld*, ^ 86%5 (1978). 
93« i^ ftAhraland, J.Albartaaaa, B.Nltilacard and L«81l«<m, 
Aeta Clia««Saand*, 1£| 787 (1961). 
9%. 1f«0»0«l|iera and i«S,8otattiaova| 8h»i*rikl»Ilit«« (lianiafirai), 
41, 2186 (1969). 
99. K.A.f»raaa» U.S.Patant, |» 589 (1968). 
96. }f*K.RaiHBao and A»ff«S,8a4, j.CliroMtof.t j|2» ^^' (1970)* 
97. t.8alaira and t . i a l r t a t , (*rae«Saeofid BuBgarlan Confaraaoac 
Ton Exeliai^ay Balataaaiaplakf 2^ 627 (1969). 
98. t.O.Nadarlaa, jr«Tnori«ll»el.ekaM«, 38» 999 (1966). 
99. T.P.Tang, P.Fon and K.Y,Olian, naa«i»aaob, 22 (1969)* 
100. f,?.tad man D.R.Baxi, fiid.J.fa^., | £ , 884 («972). 
101, J«8.8lt1 and S.if.Tandon, *i.8adlaanat.eiiaB,, l^, ?91 (1979). 
108. ••K,Srflair« t«l«G«daoBOV, 1l«A,8alwr and A^N.Troftaort 
Hadl^fitotra, I J , 65% (1973). 
105. i.f!talla%a, li.Z.fflaali and rf,ff,iala«a, fndfaa «I.ClM««t 
11, 580 (1971). 
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iOkm A«L»n:tnr«rfi6 loid lf«f,rr««aiij, <l»fii^ rf •ffitet«C^Mi,» 2it 
5897 (1972). 
(197%). 
106. S«Al}rli>it« ••« C.CarUftoii, Jf.fiierg«llo«l»Cb«i»p 22b * ^ 9 
(1971). 
107* N.A1M, B«Mi«»4 •»« r«t»urotirfi#iii«t J«6tiroaiitop'*t 
tjjg. 295 (1978). 
108* ll«<l«llii»#c» f»«A,OMta ttMtf M«A,S«.l«roQliK»9 f^ld.y 2,* 546 
(1961), 
109. Y.A.Sbieklce md 8«s«Bl«ohlii<iiv«« Sh»frltt«i%t»«» %1» 586 
(1968) • 
11Q» O.Alli«rtt and U.CMtnatltiQy 4*Gikrm0t9gm% ^ ^9& (1970). 
111. A.CDt mid fCOiovdliiiry, I^id., im, 63, 75 (197%). 
t l2 , 0»A11>«rtl And lf«A,Niis»iiecl, j.tnerg.Kael.OhMi*, 2Et 7*9 
(1970). 
115« 6.AII)trtt and M«A«it«««iiecl, Gttwia r«ft«ot« !» 9%8« 1%6 
(1970), 
!!%• lf»Q«r«iikl and VtRaaMlat J.CIiaai.Soe. (A), 120% (1970). 
115* if.Qtiraabl a«d i.A.HaWI, Ibid, 159 (1971). 
116. A,K.Pa and f^Qhtmmmrr^ Talaata, Qj, 157 (1976). 
It7« A,ir,Bt aad s,K«fia»« CliraMatograiiilat I t , 330 (1978). 
118, C.nalitt«r*virg»in aad A,f,ll«m, fBir.Akad.llattk»IGMi, i s i , 
Sarkhte,, 12, 7% (1969). 
119. 0«natiaar^tfliita and A.I.NitB, J.tnofi.lNfil.aias., 
I t , 2579 (1966). 
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190* 0«RoliB«r»Vtriiiitt MM! A,A\^m^»rtmt ^••pii«OliMi*« iJ^ 4%5 
(1965). 
12* . M i l , Patent, 5*9, 5«9 (196%). 
182. E.Nitthftt Mid A.Vetoa, S.NiitarfonM»h,B., |2y 1100 (1967). 
123« O.AliMrtl , P.Cardliit*Q«llt, C.Covtmtliio md X.Ton«ee«, 
#.Iaori.lfttol.C^«i.» 12, 571 (1967). 
12%. A.01«firfl«ld aad G.n.Saltli, Tiiorg.Gh«B., S, %51 (1969). 
125. S .Al l t t l l , C.F«rr«gliift, A.L«fitii«i«trt, >I.A.Ito«»»ocl and 
M«to«iifi«lfil, J.toorg.lloel•<%•«., 59, 10%5 (1977). 
126. L.9««tt |«, fi.Hejr* ami Pli.SpceokMrt, C«iit. it^te En«rg. 
1ttiel.(R«p|i«), BI.0, %87, 2h (1973). 
127. 1>*f^ 1>o<i ma T.iriklttdal, Coviit.iMid.Miiitf.Sel. ( r u r l t ) , 
S«r.C., g2SLf *833 ( I970) . 
138. J .P l rc t , J.ntnry, G.Bftlon and C,B««d«t, Bttll.Soe.Cfelv. 
fratioc, 3590 (1965). 
129* S.J.ir«qTi, F .^tTuf* asd t.fT.llaaatla, J.TiiMY.ffael«Ote«ai., 
22, 4317 (t971). 
130. If.Quraahl tm6 S.A.lfabl, «l , l i iori . , lloet.l»iaa.« 22, 2059 
(1970). 
131* O.Ait»artl and S.Torraaea, ^•fiieri.l9iiel.<%«ai., ^ 3075 
(1968). 
13s. N.Qaraaiil, J.F.navat and V.^tiama, fa lanta, ^ , 267 (1973). 
133* M.Qnrtahl, H.Zetira, S.A.Habl and T.XIttnar, I b i d . , ^ , 609 
(1973). 
13%. W.Qttmahl, fi.A.Nalil and N.Sahra, X1»ld,, |2« 51 (1976). 
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t59« lt.Qar«#it am! V.lWMr» ^•CliMi.8oe.CA)» ik99 ( t970). 
136* <l*$^»6tll and S.lf.Tandfni, J«Rtt«t<i8o«l*Cli««,« ^ , 9 (I974i)* 
t37« L«C»«ta» V.lUiiFiiilc and N»l«valcakt Radloohta.Aeta, t%^ ik^ 
a969K 
t58» If.Qaraatit aai n«§«lta«horit, J.ChMi.Soe, (A), 2919 (t969)« 
t39. M.Qaraahl aad J.P.Oapta, IbtdM «795 (19«9). 
1%0« MtOttratht and 4l«P«<lii|>tay 1%td,, 2$W (1970) • 
1M« N,Qaraahl« VcGsTaraliaay and f.Iliaay Sap.Sol.^ ^ 999 
(197«>. 
t%2« N.Qaraahly V.Haaala aatf r*8liaay Exi^artaiitta, £2.* ^ 7 
( t971) . 
1%3. ^•v.itaaatnt ^ « l « a t a , 1 , 9t% (1972). 
ikk. w^nanaala aad M.lHilalil, Sap.Soi., §, 757 ( i971) . 
149. N.Qitraatii, R.lQiiMr «§< R.^.Bathora, Aaal.Cliaa,, M , 1081 
(1978). 
1%6» NvQuraaliif iCCTaralinar and S.K.QBt>|rttddin» Cao.il.Cliaa.y 
20, 2071 (1972). 
147* A.P.Rao aad S.f>«?ia%ay, A»al«<%a««, 4MI, 666 (1978)* 
148. L.Silrtaa and J.t.2«lBka, J.ChrcMiatogr., IQg. 109 (197%)* 
1%9* r.H.tlaffar, J.Baatlan, A.B.H.riaekar aad v . l l l ld , a . Inarg. 
Hiial.Clitn., 12, 819 (1967). 
190. C.naltnar, tflrgtiia and A.Allio^aron Salf.Patant, 010, 
668 (1969). 
191. O.R.Baxl •me O.T.Oaaal, Indian J.t««t}., tj^ 204 (1978). 
192. K.R.iEkinlnf and K.Hayn, «r.7R0ri.lfttel.Cli««., Sg, 1193 (1967). 
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(1968)• 
i5%« if.TMMita (MM! r«Tehtre, AMubt €i«r»«o iCHigo 6tJ«tMi« 
Shai«1»1Cit Itfli^a Ro^  Xo lte« f%^  963 (196t)« 
195* K«n,Xbttiiig «Ba E.Mvsm^ «l«Tii«rg.1lMl,01i«i«, ^ t9i9 
(1967). 
196* Q»All»«rti, Q.CotfaatiiiOy r.ntOrtgm^Ot Fv^vGalllt 
E.TerrftOo*, l^id., 2I» ®^ (i96i) . 
t97» 6«6«Ttoecot J.R»ir«tii«r Asa «l«r*C«lt, c«s,f%{)t,CM,offto« 
TMt}»S«rvt««^ A?) 61109% (196%). 
199. 6«Alb«rtl, N*C««Qt9l«» G.CMtftnttiio sad l««LiM>t«ilt 
«l*CtireMitofr*i t2i« 289 (1976)* 
199* ll«6,fi«i«aB Slid A«Cl«srft«ld« J.Tiiori.littel.Ctea*, 2£t *^3 
<<t76)i 22» *«97 (1979). 
160. K«f!«Koaig ma fl*<hrttf, J*CliroMit«fr«y £|[,| 200 (1978)* 
161* 6*Al%«rtlt U.Coviftttttiio and L*t«ttilt«« «l«tiiors«llaol,C!i«««, 
2i» 59*9 (1972). 
162. lWf.««i!ilng and G.Kelraialii, t%ld., 2S, 1999 (1973). 
169. K.ft.iri»iliic and P.fi.S.6art««, J.CtiroMiiogr., 109. 193 
(1979). 
16%. i:.!!.Koalng sad G.Eekfltalti, 4}.fii0ri.llfioI.<%«§•, ^ 1179 
(1969)1 2%, 3171 (1972). 
169* K.n.iCd»liig, J.OiroMttegr., Ig^ 99 (197%)« 
166. C.All»«rtl, n.CoaaieiitliiOi r.iHgrogorla aad K.Torraoea^ 
J.fneri.ll«el.Ciia»., 2i» ''^^ (*969). 
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l i , 271 (t97%)| |2 f 857 (1975). 
168* S«K.i^ri«««taini, ll,P«Sliii?fit !^*Air«v«l and •^KkMnary 
«l«llfl<9tiHiis«l«Cli«i,« ^ 7 (t977)* 
l$9« A«IC«P« and S«C»1%«y ia | i ,S« l , , U^ tS3 (1976)« 
«70. J .s .G l l l aiui 9.ll,raa«oii, Tatanta, t2» 1595 (197t)« 
171* il*S,f3111 mA s.il,Tattdoii» tb ta . , Sgy 595 (1975)* 
172« A»i:«ir»t mt6 S,K«Paa« Sa|^«S«l.« V««li,, l^i %65 (1978). 
175. T.t«oiia» jr,fRorg,1fMl«eiia«M 2§» S2%1 (19$%)* 
17%. !? •« •« , 2«cla«tro(i»ia«.» a , 8i8 (1959). 
175. H.J . ro l lar , J.fnorg.litiel »(%«••« 22» 559 (1971). 
176* lf*Coatanit«o and A,<iaaiiaroatt J.Chraaiatogr*, ^ WB9 
(1970). 
177. Von A.vtnlclar and E,111110, x,Aiiori,Allc«Cli«a*» 2 i i» 92 
(1965). 
178* T«lfi4Boa, Biin«<%««*&oe«^a|iatiy ^ 15l6f 152% (196%). 
179. «l»Hr«tt ^•tlanry, e.talos and CBaaadaty Biill.Soe^Ciita, 
fratwa, 559 (1965). 
mo. B.lflatial Bna A,irata«» S.tratarf., S2b, liOO (1967). 
181. ll«Qttraaht« A.ieBMar an# R.^.Ratliora, ^•GlMMi«S9e«(A)y 
272 (1970). 
182* M.Qaraaiil, R.XUMr and R«S«8tttliof«« Tbld., 1986 (1970). 
185* N.Qarv^t, 8«IGKwar «id R,$;«Ratlior«9 J.OhroMitogr,, 
2%, 269 (1971). 
18%« S.iTftffitaaii} am€ i,S«liSMtt Cfirowatograpdia, 8^ 877 (1976). 
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185* f(*Qiir«9lii sod J.P.Rmrst, J,fiiorg*llael«Cti«i«9 ^ 909 
0 9 6 8 ) . 
t(l6* M«Qiir««M and K«0.irar«ba«3ry IHtd , , ^ JOBt (196S)* 
197* fl*Qar««lit, V.iCkiHiir •«« lf,2»tini, J*ChroMitocr*» £2^ 551 
«972) . 
(1976). 
I i 9 * M.Qniwgltl Aotf S«A«lfo%l, Talanta^ jh|, 1053 Cl972)« 
t90« N«Qttr*»til, n^Wamr tm^ v«8ti«fwi« Aii«l»Ciif««» %6y l i 95 
( t97«) . 
191. lf«Qitr«iriit, f»0.T«r«liii«3r and A«n«l0r«llt» d.Oliromitogr,, 
52, 1*1 (1971). 
192* il.J^AOill mtf S«!t,f«i«9ii, «l«Tiiorf,lfii«l«G1i«i», 2 i f '®^' 
(1972)1 l«atoeli«i«!l«aio a i H i l . U n * , ihjf 579 (1975). 
195. N.Qimtht, S,A«H«lil and M.Ztbra, C«»<I«4,CI IMI«, 5% (1976). 
19%. <l«f».Poii«ld«i<in and ll«4l,rttltar, 4l»Iaori«lltiel*Cii««»« ^ 
10S5 (1968). 
195* K.Raaattlt, Attal«Chi«.A«ta» 22^ %69 (1974). 
196. W.^attraalo-iiaiiatiliy i.tnorg.n99UGhm.9 ^ 959 (1978). 
197« l l«Battt lottt and ttaatfarar, ^.ChroMtogrM 22L» ^^ (<97%). 
198« 6«T«!iaaal mnA f^«R*Baxt, ladtan J«Taeb«« | ^ 201 (1978). 
199* t .Sa l r tas , I.*?:alnka, S.B.Zabortnlco aii4 B.K.Tofa, Aeta* 
Chte,A«ad«Sol.i!ii8«,» 2%, 219 (1967). 
200* T«Atiraiia a»<! T«TMilta, .I.TBorK.irtf6l*Cbaa*« ^ i t ^ 7 1 
(1975). 
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I t t t , , %, 257 (1970). 
20e« T>.ll«tt»rtdi« and r,Sha{i«, J«Tnori»Kool.CliMi«t 22« ? " 7 
(t^7t>. 
203» I^.Btiicrttffc mkl CS.H.Straailfig, Brttl^b Fat«fit« 1 , 203, 
5S1 (1970). 
20%. J.rraliMiartf, P . R M ^ sn^ A.Boull*, C,ll«Aea«.S«l.S«r*6,, 
m% 66 (tf69), 
909* 1^.B*tt«rlAg« tmS O.ft.Sirsdltiif, •l.tii0ri.ltiiet«Cli«i., 
22, S652 (t967). 
206. L.ZvlttkA fwd L«Ssirt«8« Badioofafla»n«dloftiMil«L«tt«, 
t a , 77* (1970)1 2, 257 (1969). 
307* T.AlElfiHM ftod T«To«H«t ^.Tnori.ffuol.Cli**., 2S» ^971 
(1973). 
S09« li.Qttr»«bt, R.iEkNMir and n.!^.ii»iliortt t«l«iitftt IHM ^377 
(1972). 
209. «r.ll«tti«v •ii« S.ff.faadon, Chroiiatogra^la, ^f ^ 9 (1976). 
210. V.U.NsllIc, f.«r.^rltra«t«vat V.M.BaodaH and S.^Miar, 
J.Toori.ltael.Cliaii., | i ^ 1^3 (^976). 
211. R.fti^ar"*^^ *»i! T.Ooto, fi»Kro Kagakti Z«a;^l, 2h ^^^ 
(1970). 
212. J.f.Rairat and F.^.TIiliidt Cand.J.Ctit*., }k^ 1892 (1976). 
213. S.P.aralroir tad V.A.t««ii«tn, Xli.lfaarcaii.atte., ^ I I 33 
(1968). 
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214, J«P,R«ir«t CBd J,P«St«iii, C«iid«J.CIi«M«» £!» 2534 (t976)* 
315* <l«P«fl«w8t aad D,ir»81a0i» A8«l,Clil«»AQt«, 82f ^'7 (^976). 
?16* «l«P«Riiw«t «ik! t«lCh«tdoii nod R«Shiraili«r| Anwil.dt ehlafos 
(In f^r«»t), 
217* ••tCottrta, J«ii«la •wS B.Ktlltoii, J.fnorgtltitel.OtiMi.y 26« 
t i l l (196%). 
2ta. G.T.HaMi and T .^R.Birxi, Tad«J,T«oli., «2* ^'7 (1979). 
219. J .A.einUB, ii.S,P«t«iit, 3. %99, 537 (1970). 
220. J.P.nawftt and J.F.SlBgb, CtiroMatograiitiis, |0^ 205 (1977). 
221* J«P,l!mrat aad J.P.Simik, Annelt At ChlnlOtty §^ 585 
(197$). 
222. T.R.CriktOR ma& $.0.Siipmi» Aeta*Clbe««Soaii4., 2g^ 3333 
(1972). 
223« K:«A,IGrati« «id H.o.Plillllpi, Oak Ridga ltopiirt« onilL<»!K>t 
29«5 (I960). 
224. J.P.Rawat and S.o,MtiJta%a, Catid.J.CIiaa*^ £|^ 2685 (1975). 
225. N.Qttraalii, J.Giipta aad ?,Siiaraa, Aoal.CHa*., %2» *90i 
(1973). 
226. W.Alia and T,Tto, Hlppoit Kagakn Eaaht, ^ 1259 (1965). 
227. II.C.Cfal<llay, F.t.Partcer and E.A«fal>lott i*.X.At<ai«EBari3r 
Aatti., Bt«,r»rou?» Itatp. A!^>eER Rai^ ort, iOy 5280 (1966). 
228* J.P.Rawat and K.P.I^Inih Nttktavat^ J«Li<|iiid Chr&mtogr^^ 
%, 85 (1981). 
829* Til Y.Egorov, To f.Sakliartv and 1f«N,Piistafiralofr, fso^art, 
PrcMi»OI>rastry« Tovfrnqra Isakt, ^ 46 (1966). 
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2%4* 0,Cooe«le«o 6ofisal«s and lt,A«Gtt«d«s dm Carvalho, 
^•ChroMitoir., t^6. 176 (1977). 
245, N.Csajka, ftadtocliMi.BftdloiUMl l e t t . , t2» ^'^ (1975). 
?46« V.isProiit, E,fl,f!tt«8«l MBd !!.«l«Grohf J.Tnori.NttOl.CbMi,, 
22, %73 (1965). 
2*7. *»,v«li«, v.Soyko •«« n.KiiyftMir, Talanta, ao, %05 (t973). 
248« J.ltaiy, Anal.Cliea,, 48 (19?6)t TsotOf>t««t!titk«, 1£, 67^ 
(t973). 
2%9» 1f.Q«r«iAil, IC.G.Varshiiey and N.Fattno, J.ChrcMiatofr., 
16?. 365 (t979). 
250* L«C»1f«alioTte BnH N.Fadaroff, J.Radio aiial«ObaM., ^ , 933 
(1976). 
251. O.ltoneoiqr and R.Calatka, J.Sadloanal.Cti«fi«, 1%, 259 
(1973). 
292. G.R.Barton, J.i.Hefwortti, e.P«N0Clan8ha8,Jr«, n«L«Moora 
and n.fl.V.Toft, Tnd.Enf•(%««•, {£0, 212 (1999). 
293. J.lCrltn, J.fnorff.ll«ioUCtie««, 22, 233, 1862 (1969). 
29%. L.n.Baatala, f^ .V.n^rek and I^ .TInra, Ifcld., £2, 6»3 (1969). 
299. L.H.Baattla, P.V.ttayok, l>«llttfa and A«Gtiary, A«1C 
Aeeaaelon No. 3f^ 71t Baport No. tUS, 2A920, 70 (1969). 
256. If.Aiia and T.Tto, Bnll.Ctiaa.Soe.japan, hij 333 (i968)| 
%2, 2683 (1969). 
257. il.R.ilalatoQ mil f «^.$ato, Anal.Cticn*, 43^ 129 (1971). 
298. R.Calatka, C.ltiKiaeny imd M.Siiricova, J«Radloanal.Cha««, 
to, 5 (1972). 
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259* T.M.Botarrelly sad N,r%MliMifi«, il.Badiomiil.CliMi., 
t , 503 (1971). 
260* G.Torok, B.Soti*l«iiK, E«ri«oti«r and J . i . P i ^ l , E.Aaal. 
^^^'i £§!• i^ O (1979). 
s a « V.P«ltar«lc, V.VaMltty and J.Ultrttfli , J.Boll^SM.eiiUi, 
rramie, 184% (196S). 
262. J . l t r U i l , J.ChroMtoffra., 20^ 39%, 21 , 89 (1969)* 
263* N.Qur«iiM, K*6«Vttr«hii«)r and Fati«td« Klifiii, SmChrmmtogr^^ 
6 i , 9*7 (1972). 
26%« S,fC«wmntra« fi.lCaraIca Md IT.IC.XIirotakt, Anat*Ciit«.A«t«,, 
^ , 317 (1970). 
269* M«T»G«?a1«iitlni, S.Nalanl and V.Maxla^ J*fnorg*]fttOl«Cli««,, 
2%, 1427 (1972). 
2$6. J.t>«Rawat and M.Tqbal, «l,Lti|utd Chrosatagr. ( In f raaa) . 
267. lf«V.Goloatiaha]>oir, S.P,Zbldklkli aad f .N.PIlaiava, Tsv. 
Torona«b,G«a.Padafoa, In» t . , 9, 99 (1966). 
269« M.V«6oloth Ctiapov and S.K.KhodshttiaaT, Tbtd.t 2t " 
(1966). 
269. N.Mltihto, A.lCaaoahlda, S.Xodara and T.Taliihara, J .At , 
Enamsr Soo.Jap,, ^ , 2 (1964). 
270. e.v.fcaiaicar and T.r.narpora, YaatB.tastairad, Oatv., 
5;«r.ru.icrii«, 2, 139 (1966). 
271. A.Claarlf lald aad J.ll«Tho»aa, Inorg.Nual.Cbaai.latt., 
i , 779 (1969). 
272. K.6.?arahii«3r and 8.1lalia«dt J.tnari.Haal.Cliaii.t 22t ^^79 
(1977). 
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J.Chr«MiatOfr», ISO, %5 0979 ) . 
27%. T .^ltaiMMiim, !Gim«R«rft«t j ^ , 175 (1963)• 
^75» fC«li\!l«r»iiltova, 6.!S.il«atQfiov«, Radio iCt«ly«, 1%, 325 
(197«). 
276. ll.Ooas, P,Sehotil:430, ¥,?lof«l«i«fi« L»H,IMi«t«l« MMt N,f>*h<Hit, 
J,I»ori,MiicUCIi«i. , 26. 665 (197*)-
277« C,$^«Cill>lot3f, L,5it lrt«t mid t.ZntnitB, Radtoohca.BntfliMmnl. 
U t t . , 8, 11 ( t971) . 
278* Y«r«t»wii, T^Egaelit, ft^fakagueht, T.fOBlta, 8ult,CtieB«Soe* 
«y«P»B, 2 , 2925 (1979). 
279* R«G,5«fto«, N*e.liviiltdYSt E.f^.BololiliiGva, S»i«Prllcl.fChl». 
( tMti igrad), ^6, 2*52 (1973). 
280. Si.4l«M«QYl, fi.titiysi and li,n«i!a«ttlt, J,laerg.Huel.(%•«•, 
22, *517 (1971). 
281, T.HIthl 9n6 r,rajtw«rft, fQroio Itelgakn StfClm K»iiieya«bo 
tho., 22» ^ 0971). 
^ 2 , K,6,T«r«hiiei3r imd A.A«nifi«, J,Tfiori.!tu«l.Cli««., M , 2%1 
(1979). 
283* ?f.Qiir««til tiid 8.C»iQitt«hll:, An«I,ClM«., 42, 165 (1977). 
28%. P.S.Thtnd, S«S,$«iidhtt cad J.P,ll»w«t, (!lii««AB8l«(ir«rfiow), 
H , 65 (1979). 
285. ft .QaivtM, R.lQmir and R«C«nitt«litlr, Safm.Set, and Taeiia., 
12, 185 (197S). 
286* N.Qaraatil, R,l6»er and V.stianM aad T . Q I S B , J.Cbronatogr*, 
118. 175 (1976). 
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287* K*C,^ffrmhn9f and A«A,8ii«B, f«l«Bta« 29t 5S5 (1978). 
2R8* It.Pedloroff And t.f^viyra, C,R.Ao(id.Soi«S«r*C, 
275, H89 (1972). 
289* II.U«Walili, Shrt¥««tftv« and S.Kkiaar, TalaBta, 22t 923 
(t976). 
290* I.naglwara and tf^ffogiieiif. Still•Cii«««Soo«4«i»8By 
42» *M (t970). 
291* 0,BMiti«laiiB, ton asohaftgara In aiialjrtloal oliaMtstfy, 
f^toolrholia, Alwirniatat vikaal l (1952). 
292. S.A.Mabl, E.M.S^tddfqul and V.U*Paroo<}l, Bitll,Clia««!^oa« 
Ja!>aB, 55f ^^2 (19§2). 
C « A I » T 8 i « f Y 
cr loPOfBiosimTRs or vai ( i f ) . zr(vf\ /am moiidiDi sirABATioiis 
or NifAL fORs m ftH(tf)»t<3mmmmhTR omjomm 
53 
A COWrABATfVE BfUPi OR T ^ SYMTIiESIS iWP fflW EICH^iK PSOffllTIES 
*'"**'—-^-il-rrnrifTnii-TrnI iir i i w i i i HMJ. HI IIIIIMI IIMII—II—-'imniMWi—iiiiiriiM— i .1 iiw 11111 • riTinii tiiwr>|- 1 nmrrniiiwi'Tn—TTwijiajJU—MM—•—— .-ijBw|]imMWi„.juuuuJIWP1 
or loPOPHCHgpBAttg or TWd?). gr^ iY) iati» i»oii(tn)t mmnkfiom 
or mtAt imm m fwltyUiomrmmmAm couaws 
rwrirfiflTiniinirniiiiiiijiiii'iiii iiirnT---inii[ni-itfirr!mirmr'Mwiiii riirr nT'ir-m—rrrr—nr-n—rmf-rr-"""!"""—^-w—r-~r"'''"''~1niMn»iiiiBmTnniiMTiMnwr 
TiiriiMi* •smthttlc Ui«rg«iile t«B •xoliftag«fw vliteli hmn 
^WB d«ir«lop«« to ff«r art Mitiljr tMMd on Arsciiat*^ iphocpfeat*, 
tiiiigtit«t«, voly^dat* and • • Iml t* of «•%«!• (t*€), Toiftt«« of 
•fttnl* tiaim not ^ t n •«iaat«4 •« lini •xettaRgt ••t«riiil«« n«ir«v«r, 
ilreoiiltni(TV)*i^ot|)l}ol94«t« bfts %••» rtetntly r«portod to i^on 
ttnpliotcrlo %«Hfivtoor (7)« ikit tlitii iMitArlal li«t ^%n wminly 
•toffl«d at «n •l»otroR •«irti««g«r» Ife •grirtMMitte ttiKlloa h«T« 
bc«ii r«f}ert«# es lt« o«tt«i or aatoii •s»liftiii« f>rof)«rtl««« rti« 
liraMQt work vao, thoroforo, nadorttfloa to orntliootso todoio* 
•fid iodOFheopttatoo of dlffartnt aotala ai^ to eoMpara tbalr 
iOB OflBtiaaga proi>artioa fa a ayatoMtio mamimTt *mom %hm 
varloaa loo oseliaiiiara irbloii Itava baao fgni^oaiaotf, tio(IV)«> 
todof)hoa)$tiata waa fotnd to i^aaata liljKboat toa oaahaafa oapaotty 
aad oiiasieal ata^tllty aod^ tharaforo* »aa otioooa for dotaitad 
•tudtaa. ffea following iiagaa aoaaartaa tiia ftndtnga to thla 
diraetton* 
54 
petatvfoa lo4«t« (K«9f«iic), yeiattliM tfltiyarofwii orilioi^«»fb«t« 
(B»l),n,), straonlMi o«fOHlorid« (1l*l^.l!,) and t t r r ld a l i rat* 
CB«D«n,) w«r» itMA* Ott}«r fttMnslosls ««r« of Miclytldal r»iig«iit 
gram. 
flw 9f9tTQfii&tamtWf »nA pii ••••srMwatt w«rt |}«rfoni»tf 
l)y ttttng BfiaMli siKi hmHi SfKMfroiile*80 oelorlattor and i l i eo LT»10 
pff m»i«r r»«{)Mttv«1y, A tMi|wr«tiir* •oatrolUd i^alwr **sico** 
«•• OMA for fhakliig, 
Sywtboito 
Soi^loo of lroo(Xtf)*iodoplieoph«to^ lroii(XtI)»iodoto, 
itreoBti»i(TV)*iodop»}e»pi}ato« streoBliM(XT>»letfoto, tlii(Tr)<» 
io(lo|itios|^«to and ttB(TT)*totfata ««ro prti»ara« liy nixtag aqoaoua 
•olutiona of apfiroprtaia roafanta andar tha aooatttona tndloatad 
ta tablaa 3t % AB^ 5* 
Ttia daatrad pv. vaa adjaatatf by addlag althar oeaeaiitratad 
attr ie aeid aoltttloa or dtlota aodlon hr^rmiia aolattoB* Tlia 
praolpttata ao foiwatf vaa alloifad to aatila dornt for 8% bra» 
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«iid«r MK»tloii« Tt was ttitti dH«d at 40 C tarn oiwii* Ithm 
a r i » i aaierfs l « • • th*a treated vtt l i dMilii«ralts«d ir«t«r 
raatiltiiig In erMkIng of tli« •tibttaaea into aaallar fiartielaa 
wttli alight avotattoB ef liaat, fe oonrart tba Mni|»l« liito 
hytfrofaa f o m , tlia iMtar ia l vaa kapt for h9 lira in o.lff n t t r te 
aold •olotlon* Tt vat tiian va^aa wttli fMV to rawova aaeaaa 
• e l d , Tla(fT)-lodo|iliaapii«ta (aaa|>la TfP. ) hat Hean otioaaa far 
datatlad atady avtag t a I t a l i l # a r las asahtaga oai>aoity aad 
htghar ahaalaal a t a b l l U f aa eoaparad t a atbar aatar iala* 
law aa^iawga aapaatty 
flia taa asabaaga aai»aetty af dtffaraat aaaiplaa 
(150*8tK} aaab) af tba lae aitbsaga aatar la l ia bydragaa fora 
vaa dttamlaad by aoloaa aathad aa fal laaa* 
A 0.5 g of tba taa asebaaga aatarfol la bsrdrogaa far * 
was plAoad ta oalami a l t i glaaa voal aapf^art. Vba bydrogaa 
iona ^mrm alatad wltb 111 aalatiaaa af dtffaraat aalta (Tabla 6 ) * 
Tba bydragaa toaa ralaaaad from tba asebaagar wf tbaa 
datanilaad by t i t ra t ing tba afflaant vt tb ataadard aalatiaa 
af aadloM hydroalda* 
fbamel t r a a t t a t 
Ta axattiaa tbe affaat a f haatlag aa tba praparttaa af 
tin(fT)«iado|>liaa|}bata, tba aatartal vaa baatad at dtffaraat 
taaperaturaa la a imff la faraaea far t br , Tba raaalta ara 
59 
f ABLE . 6 
ton •ii^siig* MpMlty {m^f^atf «) of loa«p^9»ptuit«« 
•f differviit Mtol* for fttrlocm •attoao 
eatlaas 
l i * 
« . • 
1^ 
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rfF^ « IrMi(m)-lod«|iiios|ili«t«| 
27F. • Slrodttlai(IV)*l4Mt«9lioc|)li«t»| 
ftP|^ • Tla(XT)«lod09lioti^«t«, 
60 
•uMMTtMd in tii%l« 7* Vli* Mfialt* •o«^r»d w l ^ oitMr %ltt(IV) 
%ttM& ion •aali«iii«r» art gifn tii tiibl* •« 
pi? t t t r a t l w 
|tf! tltrttiion* for •Miplt (TTP.) ii«rt p«rfofiMll %r ili« 
•ar l l«r attiiod (S) ustiic •odloe «htorl4«*«o«liMi tifArwtd** 
potasfftuii «lil«rldt«>|MitA««ini 6ydreild»t litl i l iai ^ lor tA** 
I t tMon h^aroxt^ and burteii «hlorl<!««^Hiiii bydrailtfe vrtiMM* 
In •aoh e«M 0*5 f exettrnigtr ta teyarogaa f^Ni «• • tiiiiiltbraiad 
with 90 nl aolireat nixtatv In ft fDalrar inenbator for 6 lira at 
25 ^ 2 C« ftia ^ tttratlOB eitrvaa ar« altafwtt In flgara ! • 
Chaiilaal atabtllty 
A ||«9 i of ttia i<»i oxolia^a «at«rlal (aasnila f ff>.) 
ires •qiitlllraiatf viiH 50 • ! of tlia aot'vaiit of asalrtleal 
laiaraot at roan taM^ratan (35 • 9 C) and leapt for 24 bra 
wlHi oooaalooal abidEifig* f i n and ptioafibaia ralaaaod In ilia 
aoltttl<iR war* ^lataiwlnad aiwotropliotavatrloaiiy naing 
Imaiifttossrlltt md aawonlon aiolylidata aa oolenrlag raaganta 
raa]Hiotl¥aly (9tlO)« Ilia aaonnt of lodata raloaood In tha 
aolvont WM datonilaod loAonalrioalljr nitli atandard aodlns 
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0 1 2 3 4 6 
OH"ADDE D (m»q / 0.5g)0F EXCHANGER 
FIG. 1 pH TITRATION CURVES OF TIN (!V )IODOPHOSPHAT£ 
( SAMPLE T !P5) 
64 
tAOJE • 9 
GliMli««l • U t i l i t y «f tls(lV)»to4«pilo«|iii«t« 










*»wi 9fl^ }n 
1*011 UH^ QB 
%H Aoetio neta 
lir A«*ii« tttld 
IN HR^ ffflU 
IN rmwte 11014 
in Oxallo Hold 
^ Oitalte mid 
in T«i*|ai*l« Mttf 
IM SodtWl M«i«i« 
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115 
«g/50 tfl 































































^or i l l* tet«mt8«tl«i of •h«alo«l •oMpMltion of 
M«f»l« T t r . , 0«S i of oxoboafor «• • 4to«olv»d in tiot ooao«iitr»to« 
tiyifroottlorio ootd* tboa Urn ooliitioii woo AtltttoA to 160 « l 
Willi voior (Otv)« loiuito tm$ t ia oontonto woro Aotor»loo< 
tttr lootrloally hy uotag oodlon ^ioootphoto o«« tiotoooia« 
atohr<MOto roo|ioetlvtly« o» t i traet* ( l t , t8 )« Fliooptioto woo 
detomlood t t t r lot tr ioal ly oftor i««oipltetlao oo pliooplio* 
wol^iidato (15) • 
EontlttiroltoB otoftp 
E^oUfirtaM t tot t for tiio odoorptton of lifvoloaty 
trlwoloot oaa totiwroloat aotot loe« woro Attomtootf hf 
troottof 0«5 C of oxotioofor in B^ forw (191^200 Mih) with 
ttttut loot •olotiont ia otporoto flooto* Tlio «islttf«o woro 
ohalceii In o #iakor li^t^otor for dtfforont t lMO. tbo rooolto 
ort roportotf In tohto 10* 
Matrthottoa ooofftotoot 
0*5 C of oxehsi^or lo hydrogoo font (150-800 wooli) 
won trootod with 50 vl of oottoo ootittiono lo 250 • ! Borloo* 
» 
woyor flaok* me wtxtttro wot thoo tiiolioa for 6 lirt &% 2% *^f C 
io 0 ohoitor tsottlietor. flio ammmi of ootiim in oolotion imo 




























































































••pMttir of tb« •»o1iaiig«r (St)* Tli« MMrani of • • t i« i i toft to 
ttie ooliitloii woo ilioa tfotomtaod %f tttrottttg age toot i ^ 
•iondora ooltttloa of Bf^A. (o.OOt NK fho BS volitoo iforo 
«aleul8to4 oooordtag to tiie fomoto (H)« 
W • 1 ^ « 50 
vhoro F to tfeo voloao of BUTA eoooMOtf %r tlio oolotteii offtor 
eciBll f%rliMi, f to iho volono of EfifA ooomiMOd liy tlio erfitiMit 
oolntioo (l»o« %oforo oqailtlirlwi) «B4 V t» tbo ifoli^t of 
ton osirtionffor to g* THo roooito of iGfl IFOIOOO oro ouiiiri«o< 
in io%lo i t . 
QiiontttHlw oopoi^ ttoBO of natol toao 
S«0 i Of oxottdiiier in hy^ogoo for* {iUfh^QO wMh) 
woo taken into tti« glaaa ooltiMi of 5 v intornal «i«Mt«r* 
Tlio apftroprlato oolvont w«a f Irat rtai ttiroai^ tba toloMi tmi 
ition nixtinra of satal iooa vaa pmtw^ aotf altowotf to %• 
adaoi%«d* ftia «etal iona wora timi atutotf with aoitalilo 
elnt iai roagant* fht flow rata ^M9 saiotainod i »1 ttin 
daring aloiion prooaat* fha M»tal iona aftor alttttae iiora 
datarsiaod %3P EUTA titratio«« Tha altitioo onrvoi for aaeh aot 
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v4 w* en <« 
£ 1^  S S? S I 2 S^  
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m B m m u m B H 
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TAiUS • IS 
QwMitttattirw wpattttlOM of Mta t I m t on t t » ( I? ) * 
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V O L U M E O F E P F L 0 £ 4^ T ( m l ) 
h' r A H A T I O N S OF H s ^ ^ ^ - C u ^ + A M O 
7 / 
mtmM sam tnsmm$tm 
I t t t HpiMlVXli fr<MI %•%!•« % Md S tlMlt i l l * i M 
la g«a«f«t f i l l e r ttHM tlMt Af • t n f l * talts ! • • • t«^t«« of 
f t ii«« b««ii iili««rv»<f tii«t tli« ton «i9it«ni« • •pMtty 
for P»(Tf7)-loao9lio«fiii*i« OMipIo* (ta^l* 9) do not ofcongo %r 
otianglAi; tlit atxiog ratio of ttto roofoiito» oiMopi tn oooo of 
cottplo rir^* Fo(tlf>-todoto (ooMplo FT.) Klios ^poporotf aMor 
iHontlool eoodittooo itioifo tetitiofft io» oxstitiaf^ ooiMMtiy 
(1«17 Moq/drr g) %nt of l i t t t o prootlosl tafiortinioo • • I t to 
not opprootolilr •tolilo to vortoao oolf«8to« 
2troo6ttt«(7T)»tiN!oi^oo|)^ato ofln l^oo iroro proporod oador 
itfoottoel eondltlooo «t fiist* I^ OMplo ITP» obioii t« propofoi to 
tlio i>roo««o« of 010000 of piioopiioto ciioiro tetftwot Ion 9w(B$itmg» 
oopootty (t«i^ M(|/arr i )« Bowovor, •trOMitoM(1ir)«loMto idioo 
preporod ondor otsllor eoadtttono n^ ooo MMI I I oiolioaio oopootty 
(0»55 nof/dry g ) . 
Stallftr I t tiio ooot vttli ttn(7T)»todofiioop^oto ohtoli 
«howo «M^ htgteor ton osehoage oopooity (!•& wm%/6rf g) oo 
eonpofod to tio(Tir)*todoto (0*97 wttn/^ry g) prtpotod oador tlio 
•MM oondUtotto* Tbo preotpltotton of ^ o attorlol woo dooo ot 
75 
l«ir 1^ fslwi* •« «• to mmH tht po««t%tltt|r df temmtioo of 
«•%«! li]NlbrMit«*« fli# ^icMleal eonnovltiM (y«%l« 7)t 1^ «S« 
Sp««tmi aad ton oiieliMiio • •^• • t ty dotft of oa»|»l« T f r . <fa%lo 9) 
•too loaiootft itiat tbo wtftorlol fonwd to not ^ M «iao< oalto 
of till(fT)»iOlNlt« (0«57 «04|/4lT i ) • M tls(l?)ofllOOpiUltO 
(t«3i w»q/4trf f ) %ti% 0 o l^ io ooopomtf tlii(!f)«lotfop6oo9Nito 
I t to otoor froo toliio 5 tli«t l»r tneroootax Uim plioo|»Mto 
oontonio of tlio f«oeti«tt is ttio •txioto tht too oaelumgo 
oopoettr of tlw Mitorlol to taero«oo<l« ftiiCrf>»lotfopliooi»lioto 
(oo«plo f^^m) *tM »oc« oliooMi for forllior otetftoo ovtng to Ito 
titg^oot too ^Mftoago eofwottf A M klgiioot MMmioal otmiUttr 
a« ooKiNiroU to ir(iv)*todoplioopl>«to on4 FoCnf)»lodoptiooi)i»oto» 
fbo too oxeliosgo oopootty doto (fi%lo 6) for difforoot 
olkoli «tt«lo mm& olkoltiio oortti olo««iit« fliov tko follovtoi 
ofitoiM «*dttri 
( t ) ro(Tff)oto<ofliooplioto (Mmplo l^tPi) 
K • X o ^ l « t ^ R l i « 
Co**^ Bo^*^ H l ^ N 8r**. 
( t i ) Stf«Oiit«i(Tf>«tod09boop6otO (oMi^lo 2XPa> 
Hi • f ^ m ^ lit 
»i«*> Co**> sr**> n^\ 
78 
( t t i l 7tiiCfr)«toiNii9bi»t|ii«t« (mm^f ftPm) 
t * > » * > t l^> im^t 
C*'*^ »•*•> 8r**> m^* 
tt 9m %• i»fiiff«Nl tiMittfw* nm% Urn Urn mmnamt* mmtttf • ! 
•Mil • f ^Mi I M «a«MKite • • l#r la l t iMmmmum vill i iii« ^ M I M M 
is kjf^mut^ M i i i • t in* i« i * mmmw^ fmt aUwIiat MVUIS 
tiMi mmitmm^ wBfmttf vwalM ftlMivl iiM M M mt tiw ftyimttvtf 
v ^ i i tf« iMt iwtr •inNPMiAlir* 
ft i t itol«ff««liiit %9 mMm triw flgmNi i ^ « t tb« «pl*lw 
• f Mt«t ion* is *fiMt«« Igr p «r tiMi •t«»tfiA3Pt« Miiri^iai* 
| i ! titftttitti 9mmm9 mtm tti* #ill«iiiai iqpt^ Hi «pft*ir for alkali 
• • t a i * at i i f f i faat p imlaaai 
( i j 5.5 ta4 .5 !»*> U * > «* 
( i t ) 5t« t i ^ • »a*> 1^ 
Ciii) 5.3 t» ii«9 i»i* > !!»•> 1^ 
p tittatiaa maemB 0um ttMit t la (iy)*4at^aa|tiata 
f t ia a]^«Pi0t frmi ta^la 7 ^a t t ^ aanq^aaitifln aai 
iaa aailMi^ aanaaitf ei tia(fir)*i«ltoiboa|iiat« farlaa aa ^k9 
iMatim taapaiatara ia iaataaaai* UMI iaa wm^mm •i^paaitf i»t%§ 
abafflr fva« U€ ta 0*99 {tm^/mrr g) lAaa ^ a a M | ^ ia aift|aata« 
ta kaatiif at M*c» l«ia daat^ Maa ia aaptaity »ir ^ faiiiva4 
77 
to %%• tM« 9t lod«t« Old fiiMfitat* oont«»t» of tho MiptOt 
vhle^ to Otoe oviioot twmt ttm ohoatem oe^pootttoo of ttM 
Bampl9m A tfothwr looo la plioopiioto eoat«it of tbo ooaiplo 
tofotlior vtth tlio oloatnotloB of votor aoloooloo br oooiottoo* 
tloB« doofooooo tiio oofiooitsr 00 tlio boot lag tof^rotoro to 
toorooootf* fh9 oopoelty liovovor, boeoooo oaoffMloi 
(0«8% MOQ/diy g) olioa itio tOMporotoro to rolood o%ovo too 0« 
Tlio too oi«tioii«o oonooity goto (fo%lo 8) okoif tiMt otaeot oi l 
tlio oMiiattgoro oto offoetod Iqr liooilng, A oom|>ortoo» of tlio 
too ox^oago oopoottloo of vortooo ton oa^iottgoro ot 6 ^ C 
hoot fag towporatoro ibooo tbo 9O^ K>MIOO« 
ttaClV>-orooaoto > tttiCl?)«>lodO|^eoi^to • ttB(I?)*oolooo» 
ptiooiittoto ^ ttBCfV)»«ol3r%doorMttOto> tt8(tT}*oolOBlto ^ 
ttn(TV)«oro«iO|iliooi^to • tla(IT}«taagototo* Howotor^  ot 
800 C MHI litglior iMOtlag tOii^rotoro« tttt(I?)«to<lofiioo{ifeoto 
of»po«ro to %o Moot ttiomolly ototilo vttli roopoot to toe oseiioago 
oofioelty oo It rotolno ooeolioroiilo too oaeteoigo oofiootty l*o« 
8*2% Moq/gfy g« 
Tito Mitorfol to footttf to %• folrif oti^lo Mm looor 
ooBOoatrottORO of vliioral ooUo otieli oo nci^ ^$^% "^ WfOy 
Tlio ooHple to qalto otobU ta orgoato oetdo Itleo fonito oottfy 
80«tie oeig| tortorte ootd mH eitrie oeld of oil ooaooatrottoao« 





tetrav»l»ttl wiiAl tout (fable 10) tfioif thm% the •^aUlhritMi t» 
iittattMid In 6 h r i * 
fo •xfilor* t M Mjpartttoa petmtfal of tftt(TV)»fodo» 
|ili«icts*»at«, dlstrt%attQfi •o«^ffei««tff of 9^iwr»l aotel tons Imipo 
lieoQ ateiomlaotf to importamt oolvottto* tt to oloor fro* tho 
toblo I t titot ttio dtotrtlmttoii ooofftetoato wwy wttti tlio 
eoai|>oottton emd soturt of tlio oolvost ofotono* f t hot boos 
oiipor?o4 tiiot to MOot of tiMi oooot tlio m volooo oro bl^ior tn 
o^ piooao liiso •odtwi ttioii te Ofjooooo fomte ootd* flito b^ortonr 
of ttn(TV)*tedopt)ooflioto to tftfftrmt fro* t^ot of l»mnm^% 
rostn ulilOfe fbovo tlio rowroo troi^ (S0)» IG8 voiooo of iiotol 
iofi« oro laofoooliii to gonorol wttb tiio tneroooo to tftaetlisrl 
ottiphoxtdo (BMSO) oentoBt of tlio ooliront oyvtoa* f t to fooai 
tbat ^ t oioorptt^ of Vb^*^ (MT^ * m€ Bt?* to «orr iitgli tn o i l 
oolvooto vliofooo m^^t m^^f MH^ ^ owl AI^^ oro tooot o4oofto«« 
I t Oj^ pooro fron tiio doto on MS volaoo (Tiiblo t t ) o 
nm^r of toportoot oeporottooo oro fioootblo* fimm of ^ o »oro 
tsportiint oo)i»rottORe of totfttotrtoi ootf oool|rttool u t i l i ty 
irhtoto liavo %o«o ooeoooofolly oebtovod oo tiio OOIOMIO of ttnClT)* 
lodopliotnltoto oro l ls to i t» toMo 18* 
flw ooparotlono of oefip«r-»oiolcol manS oof»fior«oo%olt ooo 
bo tttlltootf to ttio dotofvteottoa of o<3%olt to otooto ootf ooppor* 
nlekol booe olloyo iriiort o^por oosollir tatorforoo* fboroforo, 
ooppor 000 bo roiWfod ooovootoBtly prior to ^ o 4otonHl«ott«a 
79 
i%j«iittMiiilil« tspority tmA tfioald %• vMNivtA &• I t tMgr A«flt*ii 
ih« ^l«t«« flMi Mftmrattoii of JNr^^i 9m %• iittlts«« la «it« 
«tt*nite«tlMi df r« '^ ma tftb^r Mta t toe« tn n«t«nil a l l ^ t 
ir«iit«l«iKllt«9 Potf«yatt« amA O I I V I I M * t t ti«o %««a tmmA tluit 
pft t« otrQiiilir sae«ftM4 m Um OOIMR of iis(f?>*todo|iiio»|!Nit« 
msA ooiiia not lie etiitod %r H M ooanoa MUronts ( i f f f t toi i t 
eonMiitrttttiMit of I9t80t fonilo ooM^ fomlo ooti • tMBO onfi 
dUato attrlo oold). Fb^^ boo iMion oaooootfallr gowofoi 
(lOMitttotivtly fron 0 oyatiiotto aixtaro or Rg^% eo^^t )%^% 
Co^^, 1lt^% Ifti^^ and T%^*0 flioroforty tbio ooiyarottwi to of 
prooitool topertaiioo whoro f% i» prooont a« tnpartiy oad 
nooootorr to %• oltotaototf o««« in tiio oaolyoio of braoo aad 
9 1 HUM # 
80 
8« A«Qr«r AttH J.fi^Gttty ^•fiiors«Wtiel,Oii«tt,t Slb ^ (t97S)* 
9* IC«Qitr«tiit amA S,A«ll«%l9 J*(!li«««S«o«g (A), 139 (I97t)* 
%• N.Qnrftgbty K»1!tt»«lii aotf J9f«U»pt^t J«Gii»«*Soe«, (A), Sf 
(1971). 
9* It.Qsrtilit miA J,P»il«if«l« ^•tRorg«llit«t,@i«a«» ^ 909 
(1968). 
6. lt,QQr»«6i «B« 8.A.1fiifit» rslii«««9 |2» 1059 (t972). 
7. J.F»inr«t •&« W.t^ Milp A»fi«lt«l«lil»leat 6§^ 241 (1979). 
• • ll.E.fO!»|i amit 1CV.r«|ip«r^ .I.ClMMi.Soe,^  903 (19%9). 
9.^  f«l>.9iitll mnA C«r«^«ll» Ootorlaetrlo ••iheO* of MMly*!^ 
Vol. TIA » p. 195 (t999)f T^ .Toa Sootrsnd Oosprnqr loe . 
PrlaooioBt How JorMjr. 
10* H.R«Piii«Bii, Simdartf wttioat of elMMileal oooljroii 6tfe Ete. 
•ot« T, fi. 019 (1968)« B.^ im Vootrood XM.PrlnooteB« 
Rov iloroesf* 
11* t»N«Ki»lthoff9 S.Sol^tr, VeloNctrlo Aaolr«l»t XntorMleaeoi 
mm Tort, (I997)i V«l# 3 , p. 235. 
IS. lef. 11, F». 3ao<»322. 
19. l i f . 10, p. 81%. 
14. S*A.)lolil, A.H.^iet^lQUl, R.A»K.il09 l»tlQ.Clir«Mi4ogr., 
4(7)t 1«89 (1981). 
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17* NtOvm^tf V»6«fifirtMi«ff J«fiK»rK«Mli8t»0li«i«, ]|M|^  9(181 
(tf77>. 
278 (1970). 
eO« lf,Qtir»Ml and lK«13iimlii« Mi»I«01i«»»Aetftt 22^ 3 i7 (1971 ) • 
2 1 , B*llaa«iiiel}lg lt,«areift« K»Aokl» 8ttSvgl«U« «MI H ^ O M M ^ 
T«l« i t« , 10, 155 (1965). 
SflMPfiat StPPlES M ai8<»4Hf>IC MiW AMP EWSQJMaiTlC ACfP SfSfBtWj 
82 
8WI9ttOK gfPPIli HI iJtSO-HIfRIC MSW JMWO mCKMOIflC JtOtP CTCTSUSi 
mPAMMtmm m mfAL fcm at TCT(fy)^ig^fB<»t«Afi 
«MM»»M»»Mi»»»r»w«.»«««—. mill mmmmmmmmmmmmmmmmmfmmmmmmi'AmmmtJkmmmmmmmtmmmmimmmmmimmmr 
• t t rMt td aaeli •tt«iitloii Is fM«at y««r9 «irtiii to ^•iw high 
ili«nHil siiibUttf m i MlMilTl t j r towarA* mtiimt £OB«» In 
eli«i»i«r f l th9 9fmth%»t9 %mA ton •xBltmigft pnq»trti«s of 
l<}d«t«« Mid t«io9iio«|iii«i«« 9f t to( fT) | 2r(tv) rnkS w%(ttt) 
hmw iHKw r«iMiri«d. rtB(lf)»toAiipteo«9^t« li«« %••« fiiinid 
to ^ow Mt t«r | i n ^ r t t « t tluni vtimr loiop6««iiliat«t •stf, 
t}i«r«for«9 lta« h9m ehotaii f«r fiirth«r ttudlaa. fb« adsorpttM 
of Mttal t«Bt en toe •wBihtm§9 Mit»rt«I« liat hmm fomia te 
d«pMi4 l«rii«ly «n tti« naittrv of oolvoato aood* flm Urn oao^oio 
%oti«Yioar of •»t«t iOBO la Oioaoiia wtaoral aetda of dlffaroat 
eoneontraiioaa tiaa 1>a«a atotftoa aitaaatvalj ( ! ) • Solvaoto 
othar tliae vlaaral aolda tiava alao Iwan tmmA oaafal aa aloaiila* 
tmo •• a aolvaat of far* anallaat aafiarattaa poaall^tlltlaa 
for thm aaparatton of aotal toaa ia tiila Sa<ror and oolam 
oiiroMitofra^iijr (2)* Ttia praaaat ahaptar <toala « t ^ %im 
adaoTfitioB Miia¥loiir of aaial tana fta iMSfMioaila aotd aad 
liNS<Miitrie aeld «txtaroa la a ajratovatle mmamr* 
83 
Tlii(iv) ehlorta* p«iit«itsrani«« (i«(i«iite ir«i»s,ii*)9 
(B,i>«H») W9f i iM i . ottwr ^MMi««i« w«r« of •»at:rtt«tti 
i<t*goat gnulti* 
fli« ^mtronhotmmt&Tf tmA pB iMatmrwmit* «•!« p«rforiMi 
%r offtag Bciisli mH hml^ Sp««trtRilo«^0 •pottroflKilOMtttr a i^ 
fliot4MMt«r WM ttM4 f«r t«8*«tMr« An •l««trf« Ump^wmtm 
•«iitr»ll«4 aiiakor (SICO) « • • WMA f«r •ftcktaf* 
•otnttw af ttii(TV) «lilortd« io • Mlatl^n ^iitk i t o.tit in 
P9%m»»tvm tft4ai« «iiA 9*lll la ^ M a l w i 4ilirAf«flta i^««^ftt« 
te • • t«t»f ratio of i tSt i t t fii • t* flM mrooijpttoto ««o 
thw» ollovod to otttlo tfowa for 2k hf vitu aotiior li^oor* 
f t woo tlwo ftUorod offf wa i^otf oovtrol tteto witli «t«ttliotf 
votor and ^riod at %0 C* Tlio 4rio4 vatortal wao ioiMirooA 
to votor o l i i ^ %roko ^mm Into fteo portietoo wttk orooiciog* 
fko iiatortal not ^IOB ooovortotf into iiyir»go« fom hf koopios 
8 / 
U iwmr—H te IN mitrU M ia for Sk hn. i^rttibMl* •t t l » (x r } . 
totfofpteosyliaf* « M alto i«i« to klgiilr Mt^le •tdia« aaa tlM 
• f f M t 0f r»fl«sl«ii M t M i« i •a«ii*iic« e«pMit]r of tii« pr«4«ot 
«• • •%««!•«• TiM ratolit mr* gHomi in takU IS. 
I t •pMir* of tlii(ff)*to4oplio«fiiot« arloa ot mrloiis 
i«»|)oratiir»« vtr* roeerdotf sting SBr i l M aottiotf (Flf»« > ^ 
ifot {)«rfdfMt« ttoisf 5*0 «g of tli« Mm^l* la Itytoag— fom vltft 
• boattttg f«t« of tO*e «!»* ' (Ftc» %)• 
IHlolrtBotioa »ooffltt»ii» 
OtotrtlMitioii oooffloiCBto of ioforol attol tono la 
vartono orfaate mA »taatf aoSvanta wart datomtaaa la ilia amnar 
Aoaerl%a4 la iHaftor n « flM affaot of part tola alaa on tlia 
K0 iralaaa of «atat tana vaa alao atafttaa* t M raaatta art 
glvaa In ta^laa I4» 15 Mii I6« Tte plot of lag HI va» aoliraot 
oawpoaltloaa aai aaih alio of M M aioliaagar art I I IOMI la 
flgoraa 9t 6 n d 7* f^ a^orptloa of aatat ioaa la m^ torn 
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1 ' "" 
9I«>10@ wmtHi 
tS9!^ • 7000 
%1iftt%t 
sm *tk 
» ^ t 5 
S30 • t l? 
1!^ • l i 
§5946% 
t©3o • tm 
1«50 • t5f 
5*0 t S 5 
H vtil»«» 
i<^»tse Mtidi 
t |^© •t00O 
1 3 ^ • i t s 
550 # 5 1 
1 ^ • 90 
lit© I 5S^ 
• « 1 t i t 
§55 • f t 
Si50 j^ %fO 
165© • 155 
1%25 • 13* 
la m WBQ 
*i50*soo mek 
tstfo t nm 
lliS5 t ^ ^ 
tltO 1 lf5 
S90 • 51 
tit© 2, ^ ^ 




5tJt •. ?5i 
'^00*250 «••!( 
139»l 11000 
^ 0 0 1650 
t e w • 665 
630 • 117 
1650 • %<» 
3750 1 3117 
3550 • laoo 
5350 • 15%3 
16950 • 050© 
5^ NI ^ 1686 
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Btctrtltttloii •9«fflei#i^« («i g > ef «lftiff«»t Mital lout 
•MMHiaMMiiMKaMMaiaiMMMawa^^ 
Nttsi tout m wme mm (f8 #«f) 
mtB^m*^ •s^mm^v m^^tm^r 
n^ 1199® 17&m 13f50 • ?l»e t5«NJ • 700© 
••** s t o a t s ^10 1^7 %Wi%7 
0«®* 197* It S*®!** 557 t t ^ 
e«^* 10 • ! » i # , 5 S 5 l 3 
^ ^ i 5 0 * t l 7 6 3 0 i t l 7 t3t©*5Sf 
Ai'* ^m t^ 510 • la 510 •. to 
»*•'* **7 t ^ 650 • 61 650 • 6* 
1*** Iff • i f 1010 • ti© %fO • St 
«r** f«* • 5t i65© 1115 tmo • t i l 
C»** %17i»f 5%Oti3 5*1 • S I 
w.vfiI'mmtii imw IJB'IMIWIMWWIII—mm i 
95 




2 + Th 4 + 
i t ,t t..,l 
S, i'2^2^4^s^i,S'i^2HH^^f^*) 
S O L V E N T C O M P O S t T i O N 
S , r 4 M DMSO, S 2 - •^  M DMSO: 0 , 5 M HKIQB ( 4 : 1 } 
S -3=4M OfwiSO: 0 .5M HNO3 ^^ :2 >,S4 = 4 N D M S O ' O . S M H^O3(2 :3 ) 
S 5 - 4 M 0 M S 0 : 0 . 5 N ! H N 0 3 ( K 4 ) , S e = 0 . 5 f ^ H M 0 3 
F'G 5 P L O T S OF LOG Kd VS SOLVcMTCOMPOSiT iON ' 
^^»-^»S|>™«|!-«l f~^--^^.„g^.^-^' 





' S -iV 
O 
' ^ - # - * , j . ^ » ^ . ^ . . ^ ^ . .^.u.*^„.*. -* * . ^ „ _ 
2r*^' ' Cs'* S "5 
t O t V E N T C C M ' - O S S T I O N 
S ; - 4 M DMSO, S 2 ~ 4 M 0?vi5D ; If/; A C E l l i 
S 3 - 4 M D M S O ; 1M A C E T I C ACfD U : Z ) 
U. X4 f^ '^ D r^SO : 1 ^ ^ A C E T I C A C t u ( ^ - 3 } 
4.' * ) 
$ 3 ^ 4 M OfviSO : •! M AC t T ! C AC; D ( ! • 4 } S^ t : « AC V. M i , : .,' 





**^  I *^ 3 ^ 3 *^4 ^ > ^ 2 ^'i M 4 M ! M 2 M 3 M 4 M ! M: »M W I K* 2 
I 
' 4 
M^ - 5 0 - 100 mesh, M2=: 1 0 0 - 1 5 0 rT.esh,M3=l5C--20CrT';*h 
Mr - 2 0 0 - 2 5 0 mesh 
FiG. 7 EFFECT OF PART!CLE SIZE OF TIN CIV ) - 1 0 D 0 ? H 0 S F H A T £ 
(H-*"FORM) ONTHE Kd -VALUES OF METAL fONS ! f-:'^  N^  D N^  <^  
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Quant ttsiiY* seiKirattoii* of wmtBl ioai on tiB<X?)* 
io«9|>ho«^ttt« ««r« Miii«vt« littiii 8*0 g #ff tii« tatliaagtr la 
tisNIrocmi twm (9(l»lOO •••h) to • f l a t * eoliMni of 0*6 ea i«tf« 
ffe« ton osolMiaio eoloMn WM ran wttl) ^ mso or l*QN oootte 
w M %«for« ttio Ofipl toot ion of tlio wttol oolottono* Tlio 
•txtoro of •otal font vat ^an poofo4 toto tbo oetOMi and 
atlowod to lia a«aor1»o4, Tlio natal tana atfaor^d waro tlian 
atuta<! vttli an ai>proprtata alottng agant. fha rata of olntton 
ma* wattttataad t • ! • I s * tbronglioot tha alntton proooaa. Tfea 
•atal tona vara aollaatad tn So • ! fraettona and tiiOB iatamfnatf 
tttrtwatrtoally natng 0«OOSIf EITTA aolnttan* Tlia raanlta ara 
raportad tn ta%l.a 19 and alattim oorvoa for faw tiinary 





































1^ rf f i i r i i i 
55 
1 1 I I 
i » Ml 
R K K K K K K 
i 
9 9\ 
C^  O # 
% X t 
I i I 
f IS IS III 
s t « 
9^ «« |f% 
I I 





M f t 
R t R S S l E S I i S S 


















Ift fl -** til '^  
9 9 9 9 9 9 9 9 9 
• • • • • • • • • 
jutk |U|k IMIk JUlh |u||^ ^^k, lUHk M M L Jlijk 
JT J^ Jr JT m^ ^  dr JT J^ 
^^B ^^B ^^S ^^n ^^8 MEB ^ ^ 2 ^ H K ^^^K 
^m ^R ^^ 5 ^^! ^H IQ ^^ 5 ^^ E ^^ B 
R M M M M M M w m m i^  m ^ 
• » • • # • • • 
# 0 9 # # O C^  
% 1 t 1 % I 
f I f I f { 
^W Tf^ ^P* ^W TW« '^W 
i i i S l l l i i t 
^Hk Jiuft . ^ ^ rf^ft .^M Jkft ^^^ ^ ^ ^ M ^ ^ 1 
<i|F 1 ^ *IP mm WW wm ^ ^ ^^ ifr , '^^ 
«ii f i | III ifi ^ m t< l i mi # 
S Jife iBk. JMk ^ b j l l k Milk JH^ MK Mik 
•• »: 1 t •. t "^  «e n I 
S S | g S i § | l § l 
^Mt ^^# ^^A ^^^ ^^ & ^Qi ^ 3 | ^^^ 
TWI ^ W ^ W ^ W ^ ^ T W ^ ^ ^Pl 
K § | § 1 § & § | § 















! J 5 
S S S ST SI Z a S e t t » e 6 6 S S H S p R S 
IB fS 13 IS K iv IH 
H w X M X K X 
# 9 9 m m m m # # # • # • • 
11 i I i 1 
B S • S K S tt 
m f 1 I I ^ R 
WWW m 9 W m 
111 f i l l 
J SL ^L ^L ^s 
^^^v ^ 1 ^ * ^ ^ * ^^^W 
# 1 1 IS It 
2 - Mh 2 2 2 2 1 f I 1 I I 
IP W W W «* P" • 
I^M ^  III 







l , l I t I I I I I I i I t 
o o o o o 
l » o o 86 O 
1,1 ,1 I,,I i , i,,< „t, •', i, „i, J 
o o o o o o o 
V CO V so Q 
V O L U M E OF E F f L U E N T l m i l 
E^ - 0 . 5 M H N 0 3 + 4 M D M S 0 ( 2 ; 8 ) E ^ r O.5MHNO3* 
4M0MS0 ( 8 : 2 ) £4= IMHIMO3 
FIG. 8 - A EFFECT OF ADSORPTION MEDIUM (AMOrv^SO) ^ 
AND ELUENT ON THE SEPARATIONS OF Jh'-^^-l-^' 










1. J, .< .»., I. f-JSa, 
o o o c 
•sf 
o o 
V O l . U M E O F E F F L U E N T ( m t l 
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!G 8 - B EFFECT OF ADSORPTION MEDIUMCIM AC£T!CAC'D) 
AND ELUENT ON THE SEPARATIONS OF Th*^ l Z r ^ ' j 
Ce^'*"_2r4*;sm3*>. Z r4 *AND Sm^^ -Th"^ " 
104 
mtmm am ntBomstm 
f t !!•• %«es eS»mrm6 t6«t iti« Ion mm^mm^ m^pmititf 
flf ttttCTV)«ldtf^iho«|)lia«* ta«r«M«d wii«e ^i« ptveipttiitliiti of 
ttm wmt9Wi»l vac es i r t t i oiti ta kt#ily Mldl« a»dt«i« BoiMiP»ry 
111* toe «mlMiiig« ••pnelty ««• aot •tfntfto^wtly attarvA uMa 
tilt prodaei was aMilaaia^ ta rafttaloa far 6 tera* 
flia tteafnoif^ af fta(fV>«>taii^aapiiata Crtg* %) ahava 
aostliiaaaa taaa la walgbt apta 900 C« 'ma valflit taaa tifita 
tso e tMif iMi ^la io tfta tmtmml af ^liaraal iMtar «alaaalaa ma 
tmm taaa af ta«att aa tadtaa* A aanttssaaa taaa la wafi^t In 
tli« rattaa t90«%00 0 wmy %9 attrtliotaa ta tha laaa af watar 
atelaaulaa auring ta tlia aoaiaaaatlao af Oil* graapa alaag wttit 
t ^ laaa af pliaafiimraM miA taiiaa fraa tiMi aaatpta, fl» Ian 
aa^aaga aafiiMltf i» thia taarfaratafw rmm» t^oaraaaaa mtatptf 
trm t»5 t« 0*6$ mq/Arr « (Oiiaptar f f | T A l a ' ? ^ fha tea 
fljee^anfa aapaaltjr af ataaata t^ hoapliatii ($) alaaat vmlabaa 
eonplataly i^ien tlie aatarlal la baatai at 400 0* fbla ta 
pra^aMy «ea ta tli® eonvaratoa of ^aapiiata lata ^rai^oai^ata. 
f t aan, t^ra for t t ^ Infanvd ttiat t1i« ratantlon af tan 
taat^afa aapaaltr ta tba aaaa of tla(fY)-lailoplioai^ata avaa 
aftar Arrlng at %00 C la ftaaaeat af t N firaaaiiaa af laiata 
gtwtf aalir* nmimfer^ tli« vatartal ex|itrl<»na«a a draatia laaa 
la wolflit la tlia raglon liatweea 500<-600 0 vlilaii la ladlaataA 
%f %hm ataa|» torttee af ttia t^araafratt. IRit fffiraatlea af aoaa 
105 
•tflbt* cpMl** ^Mttnir M^wint* for %hm oonstmit «*l|^t «f 
i l l * mmple %ftm4 dOO 6* fkt aatt hrmm eolour of ^ o Mitortol 
t« ftlfto ttiMffootoi tad tlio eofNietty ^OOOMIII olaoot ooootoat 
CCtioptor T l , filit«.7)« fto(If)*t«iOfibo«i»lioto is aoro tHonwillr 
f««i«tftiit tliOB oiMinIo i099fSm%9 as tlio lottor oofforo • 
oo»plot« tottt to im oxoboi^ o oopoeiiir ot hm 6* 
flw Ti opootro of ttB(lir)«to€ei^ooi^o«o (to IqrlHn^oo 
iom) #rtod ot f«rlottO iMn»or»tafO oro oliowo to ftgofoo 3«A •»« 
1^« fho fit o^ootfuo of tHo ooiiplo ot %0 6 i^ owo flao ^oko 
In t^e roglono SSdO^ S^ OO mT^t i&Xh^fm on**^! 900»t900 mT^t 
I'^h'jm e»*^ ood %1iOi>$60 OB**, flio %rooA pook ia tho rogioB 
• I m. 
S600«3€00 o» BOjr %e dot to tlio proooaoo of CB groofo o»A ootor 
nolootiloo (%K f^t oooooi i^mrp pook to t ^ fOftoB l$00»t7QO OB 
H i t i l 0 BOslBBB ot l^ SCI ^ tflOWO t^O ^OOOBOO Of iBtOrOttt tOl 
ifotor (%}• ABOtiior r^ofttf poMr ta ttio fofloo 900»196e OB Btf 
He attrliNitod to lltO^ groop {%)« A OBSII poide In tiM i«it<Hi 
I^ O T^SO OB to Okoorfod lAiek aoy ko ottrtkotod to ioioto 
gnmp (kK fko X«S« opootm okov ao ^oago iqyto 630 6* Booovorf 
Okovo ^ l o toBporatove tkt poak ^ « to ^** groiqi to tko iwflOB 
3600*3600 o» dtottppoaro* fk« o^ M»r poiriio atm to fbeopkoto 
OBd ieioto groepo o t t l l poroltt iq t^o 990 C vtitok to oloo 
ooBflrBed froB tko oktBtool eoBpoottloD of tko ooa^loo Artod 
ot voriooo tOBfiorotoroo (Okapter f t , faklo ?)• 
108 
Ki <v»lii«« of 1% Mill tmm tmr^ ii^«l« t i * oi^tftliMMiilr ^t#i 
I'Ufmfi 1^ 0 INI iMMl<9WMdf %# 4 fftFJf l i^ f l f t (KVMMif in t i l ts HNlias* 
f t i« tiitci«iittfit to ii9l« l^«t ^ « IS iNttntfl of ii»l«I t«i« ta 
i«»«r«l l^OMMiwi vttti til* i«oi«»«* la sttrto aaii ^mmmimtim 
i» miSOHittnMi ttOliS atstWPt* 
^•liftvloar of I ^ M motol tooo mm tttmSinH In mit^oootto aol^ l 
•itstofoo* ftio otfoorfltoit %iMHrloitr of ttaClf)*t^oi^oo|^to 
for aetol tooo i» M oootlft ooti to oteoot otellor to t ^ t to 
m wmm aodt«i« Ki vttooo of l% mm vmm ooxtli attolo to tko 
tiro ^Ivmto oio fOfT ^ i # M oooi^foi to otiior wmt&t looo* 
n^m t ^ oomi^ raitfotloo of oiNitto ooti to tmwmm$ to tbo «lxtoi«« 
tlio mmmtj^imk of olmiot oil t ^ wotol toM iltooiooooo to o 
ofrrteto iwtiNnit Cf|S m€ ftS i t fWO i oootto oold atototo) miM 
of tor irtitoto ^o oioorpttge ofsto t^roaooo ^oiito t f , fig« i}» 
iiyoovor e« *f i»^*, Al ooi i r %i*o»o to « tflffotoot awwior 
•0 tfMtr 8?toiM to not o^lioto^ i r «^M«o to ^Im ootqpootttott of 
fi!SQ«oootto oeii utotttfo* 
A €9m^i9m of i^ toofiptloo tMiMNrt^r of mitol ioi^ 
Cfolito 17) on mmmivm tmm mi iQriroiiNi tmm of tHo 
olieoo tmt m w»lm9 mm ol iplfto^ttr %l|^r to tfeo lottor «ooo» 
flilo wmf fto itio to ^o foot ^mt ^mt^sf» toM Ofo ooolly 
107 
i»atli«i«*i W * wmtBl Um M «iNip«rta t9 mmmtmm tm«. f t 
emi also %• i f t f«n«i ff«« ttf it* t7 that m mttu^B of ««t«t lo«» 
lire mmalljr lil|^«r In irat«r tlim le ita«t!irl titliibAslAt ««tft«i. 
f t t« lat«f««tttii td not* fftM tslil* 16 ^ ftf i irt 7 
tlict ^ e adtporptlwi 9f aetat lona in gmiarat la affaotai %f tita 
!»arttala alaa at tba as^anfar* flia IS valaaa ara faaa^ to 
llneraaaa tinaarly v t ^ ^ a iaeraaaa in tlia fiarttala alsa of tba 
its^aogar asaapt tii tlia 9»9e of Pli irtileti ahava axeaptlottallf 
high W •alna. 
ftia H l f fa r^ t la l aaSaatirttr of aoMo liatal iasa on tiniTf). 
ilodofilioaphata liaa ^an utlllsad for tlia aaparatloiia of a sao^r 
of iMtal lona* f tgaraa »mh tmA S«B iaiiwatrata tfea aalii^eatf 
eff letaaejr of aaparatloa hiy tha um of li^CMiltrie aold aa 
altiant. fha alitttoii e«irv«a for 1^ « i i 0a ' tikm that tliatr 
tltttloB with Qltrle aoin aan^loM nitrata la tflffloalt M i 
ti«a oooaiHitiNl aa agalaat ihe &tmtim 1^ fMIKMittrlo aoli attstora. 
riiuraa $«A ana 9^ oom^ra tlta afflaianejr of tiia aaparatlony 
of tba aiKilimigar ooto«ia» «^«i tliaaa vara eoniltioaad la 
aolotlona of fim WBO and Iff aeatto aeld raafiaottvalr* t t alioira 
tbet ttia ooloana iavalo^i with HfSO vara «ora ttsafol aa eon^rai 
to ^ a oof anna iawloiMNI irltto Ofatlo noli* 
Saparatlee of fli fran rara aartba oao %a atlllaad tmt 
Ilia aafiaratftoa md datamlnattao of f% oaetaata In alnarala 
108 
t l l tt ftmoliolti** Nonastt* •atf rtriaft^Mit* (&}• ftit(fV)» 
l9do|di<Mipli«t« •ait ntfto %• at i l ls« i f^r ^ « Mp«r«tl«Hi an^ 
fiei»i«inatt€» of 2r %m atve^itiMi eoatatolai mmn lilMi 
P«>ly»liliitt«t Xtrttta and la lilaarala Itlta Carlt«t ^t*trllta^ 
0halaalaaprlta ani I«or«aMrtta (7)« fba foe»i%l« a«|iarattoa 
Of 1% froH a WMJfear of attal loaa taal^a t ^ axefei^itr a 
fiotaattatlr aaafal afaof^aiit for affaof tvt aapavattoa of 
aaalytleai tiipertiaMa* dowpotltloti of toe^ eontatatsi alloy** 
atiGli aa Staait Botlor Hmg* N^HNI*fi altofy Stataaiy Wrvmnt, 
Britlah Watr Broitaa aad Jafianaaa Broaaa (i)^ o«a Im Aatamtaai 
cooiraBteatlr ttttliaii^ aotoNBs of tbla Ion «0ibaBf« aatarial , 
Siailnrly 1% aad Cd oas li« dataraitwd la tha lm»4 mmttmiming 
eMmiim allora* fliaaa aapamtloaa oa tiB(7V)«ioie|ilhoafiiiaio atao 
9 A 9A 9A 
aiifgaat that water poltaiaat natela 9mU mai m « ^^ » m 





i . n^mmmu s«A«ff«M ma n^%^m^ f«l«iit««» ^ n (1976)• 
1* Y*fiiov«t ittll*(itMi»Sot»^«p«i9 Ig^ 1518 (t963>« 
•tfiwt^^Sy p* SI8 (1^3)« ilMiPt«r fyiiltikliHi §9mpamy^ 
S* r*A,iitll«r Mid c,8»irtltiti% AiMlirtteal C»wal»tvjr« 
^ 1 *^55 (tfSSK 
AiMilsrtliiat <ai«ail«t?yt >*««^  '<§ •ol* ft p* t ^ (1961)» 
?• Il»f • 6, !>• 6$. 
i« ytifr*«i v«^oitt mtmimNi UtttioA* 9f iito«Mi«ttl iNMlfwta f f f 
6^» ?ot« f t , ]>« t075 (t9Si)t liOi^Hi* 
t « A p f i a •> rr 
*—»—w—ii«i .iiwmmr •iiiiiiiwiniimiiiiiii—» 
no 
iMit«ri«l9 v l i t^ Umm ^em §^%h9mimii tmi •i«^l«tf t tSI mm am 
m09tlf dtiitlt m i io i^ l * •«tt« tff iitt«l«« In wMir lii«l«»e*c i t 
hfi« %•«» fosMi tihit aott^l* M l ta «iiil%it %*ti«r tm •adiiasgt 
|}|p8p«rit«« AHA ^igr iir» tk«fwill|r and ttlMHit^attr wmm ttttkl* 
tliim fftitiS* Milts* fw vsMiiil^ •iomito irttsa^diMcstat* ( t ) bat 
iHiim fowBi to livteave in • wmm^w •ntt fvlr i tff«rMit from ttcsnte 
timfttat* C8l« •tmmte if«t«««t« (3) an^ ttftfiate p^o«|ili«t« (%)• 
% lae&rpeiraitt^ tfef«« <llffaf<mit tfp^a of ml98s tn ^ * mitrls« 
1^ i« •jietemii* tr t t^r l l«» «f tlM» Miitrti i l viir 1M impwom4i farlli^r. 
f t i« witft ttil« irt0v In •li i« sttftiite tiiaii^ofitt«i#l^«ifik«t« In 
i^ rtttlM»tis«<l Mi4 i ts imt eiNsliiiigt profwrtl** mm sttHll^i* 
fii« prew^Bt ttii«pt«r Itoalt witli th« tl«dtn§9 in tfeis 
dtni6ttW9i« 
I l l 
t«Hr*ttti« ^m)« •AitiiB t t a f »xi>i» tiit«iti otiMMqr) m§ 
|}|i90|)li9rf« Miti CWfli) wif* ««•« fur %iM fgr»tti«0i« i^ t ^ 
•p«etropliotoMit«r ^ ^ $ P ^cf* ) * f1»i8& soitl i*f*te p «»t#r 
for f@A, A immtfKtmm oanttostoi otiMEor ii@o ««• «••# f w 
SMiploo Of tt8CtY|«iiiiN|»%«f«ii4ii09lio«fiMit« imm iqfu^iiottMi 
%r Mislat o^ pwoM •otatlOM #f ^ « Ofi^raiirl*!* f««i«iit«* flM 
•dlttttaet WM# for ^ M ^ruiteolt it«f« 0«<MI9N[ t» ooatwi tiH^otato, 
0«0iS»t to • ^ t m «it« ip«noiftt«t #«$pf t« fiioiilHirM mH (t»QK is 
pteotfliorie ttlH for ttm ofMtlwoto of oasptoo fffl»^ MNI f f W ^ ) 
oai 0«tf( Ito olwitlo «biorMo« eosatttoao of lomt^oto fmt tftfforoot 
•M^loo art lMlto«t«« In ti%to t% m In •Mb «ooo mo oilooloi 
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hfiSrmti€i9 •oltttton** Tl^ « i^rtelf>ttttft« •» tarm§. was itita allowtd 
to M t t l « iovB for 2k hro «t rooii lowftomtiiro (S5 ^ t C), it«oti«# 
•ovoral ttBOO wtiti dmiteorollBod wntmr (IMV) t« f«aovt oxttoo* 
roattwl M t flii«ll|r filtomir ttntftr otiotioii* f t V8« tli«» drttH 
at %0 C ts •» owHi* TM Mitortal »«i ttioii taMorooH tn Pnr n^orv 
i t « • • brokon into ft»o porttoloo wiiii olfiftt tvolatton of h««t» 
Tlio aotorial woo tlion ooovirtoA Into tqrdrogoa fom hf kooplag I t 
into 0*1N nttrle oeld ooliittoii for k9 tiro* Exoooo of oold woo 
removed Iqr vooliliif with fifir. Savfito fffPjR «• • |>r«parotf ^ 
reflitxiAg tlt« proolpitoto of oonfilo TTHP. for 6 %r« is • s iston 
of 0*tlf ootflwi t«efOtftto« Ocilt aoditMi aota vwuKato Mid l»||Pf 
ptioopliorie aeid In tlio mlmm ratio of I f i t f • Conootttratatf 
hsraroohlorio aeid vaa alao addad ta aofflelaat in>«itity to atfjaat 
tha Iff of tiia wtstare laaa tMn aaro* TIMI •lixtiaro vaa tlu»B 
alloMd to oool* Tha a«]iaraat«iit liifaid ravorad aad tiw predaot 
vaa vaahad aa^tatal tiaaa with wotar and fiaall|r f t l tarad, drtad 
and aoavartad into tiydrofom fom m9 daaarlWd akova* To ateaoit 
the raiarodttaibilitr of tiM OBahaafar aix aata of aavptaa TTTP. 
and TTTP.I vara ^rai>arad« Tba raaalta mn givaa ta tiftta 20« 
Ion axatiaaia aapaaity 
Tlia Ion axoliaBfa •apaeity of aasplaa of t ln(f?)« 
tmiiatovaBailkiftioapliata i f dataminad %r oolaam «atliod aa 
daaori»ad la altaptar Tf, Tlia lirdragaii ton liliaration aaiiaeity 
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t m •ariiMig« • • i»Mit^ (•04/drr f ) ttt t i» ( IV) - t i i i i is to* 
vmi«do^tt«9H«tt for v«rlo«« • • t i o n t 
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In WaCHi-HaCl mA WSB^Wl ^9%mm using ^ « witliod i«Mr l lMi in 
nttdfttsr Tf, Tli« p t t tral i^n etiif«» «r» i^oim in f i fn r t t 9 
onA 10« 
file ^•nragrsiptwitrte imnljrtlt of tt»(Tir)<»tinif»toirMin«e» 
pttot{4int« in tiyflrngta fom «• • r^f«MnM<9 at « hnntiag ni t t 9t 
10 C «in • fh9 rvfBl i i i^ tMnMgrm f t thmrn im ftgnvt 11 , 
To esawint tho offoet of lioatfnt on t t« ton aattiianga aaiiaalty, 
thti vatortal to t ^ tey^n^aa font wot litatod at dtffaroat 
teiifterfitaroa fmr 1 lir in a iinfflo famaot, aaaolta art ro^orta^ 
in talile i t« 
Oiiatitaal a i i^H l ly 
Tfeia afewatenl ataftilttf of aaai»laa TffPjn «MI TTYT. vat 
•toatetf in a nnidiar of aolf'oota of aaalytloal fataroat* <>•$ gran 
of tho ion oxOfeanga malariat wmm aaait ilvrstoii with 911 itl of ttia 
« , l « » t . t n » . tM,»r«t«t* (IS * s'c) « d k.pi f . r 3« hr. . t tb 
ooaaaiimal aHaktag* f is* t^ttaten, vaaadifai anfl iiltoatilioroM in 
^ a aoltttiona vara Aatarsinad a|)aoiropliote«airiaally nttag 
atandartf Mtliotfa (5f6f7 M i 9) roai^eotivaly* fka rtaal ia ara 
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f '^AT ONi CURVES OF T ; M ( IV ) - T U N G S T O 
: A C V ' ' - ^ vSPHATE ( S A M P c E T T V P 7 R ) 
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0 KOH - KCl 
• NaOH _ M a d 
J . 
0-0 1.0 2 .0 3.0 4 . 0 
O H " A D O E D (meq of OHVosg) 
5 0 
FIG, 10 pH TITRATIOf^ CURVES OF T:.\' CV ) - " U v 3STC 
VAfv!ADOi^HOSPHATE ( SAN^PLE T T V ? 7 : 
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fAwm ea 
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Wmr iti« ^ter«iln«ti«i »f «t(«ilo«l ooiifDositioii 9f •artout 
«4imil>lf»fi of ilii(TV)*tuBg«t0<iNmft<39f^os|A«ic, 0*2 g of tbo •atorlal 
vat dltaolirad In lioi ci^eoBtratod Ii3rdroehloa*io aoj^, ft wa» than 
diluted to 100 ail with IHV, Tin waa ^tarmftiad apeetroplioto* 
fstetriealiy (5) wbtie it^gatvn asd vaii«dt«it vara datamlntd %y 
graTltBetrlo (9) aiif! t l trtsairle (10) vailioda raa* aetlvatjr* 
itioenhatt v<sa datemlood t i t r im trio ally iialiig ttia •tasdard 
siethod (11) . 
Eqttlltbriaai tudy 
E^UlYtrlun tli^a for ttie adaorptloti of blvala«t, 
trivalcnt and tatrairnleBt awtal lama on the ton esohaag* aiatarial 
vare dataminad uaiiig tha aatliod daoorlbod in oliaptar Tf« Ttw 
reaulta ara glvim ts tabla e^, 
IHatrlbottoa ooaffmieat 
Matrlbutloa ooaffioleata of a mnibar of tiatal looa fn 
watar and foiwie aefd<-aodlaii fonaata boffar ayataaia of varying pR 
wara datarwfnad* 0*5 g nf tli# axaiiattgar In Iqrdrogafi fom (50*100 
laei^) waa addad tn 25 ml eat 1cm aolotlcm In a 290 ail tarlaimayar 
flaak, Coneantratlixi of natal ten tn ifea aolntloo waa adjaatad 
In auoh «aanar that It did mt axoaad 9^ af ttia total Ion axehanga 
oapaoity of itia axahaagar* fbt flaair waa than Saltan In a afiakar 




























w w n N 
3 g S 8 
1 1 ''s t 
N M 1^ M 




\ \ \ \ X 2! 5| Si Sf ^S 
^^ ^w ^^i 1 ^ ^w 
M N 
f I I § I 
t t 1 1 t 8 S 8 
N M 
N M 
S A S S 
• * & » • © l>> 
m m m m It* 
M M N M M 
t t. st_ 
m 
M M • 
« l S« 
t t t t t 
8 8 8 8 8 
Wi IW Wl Wf IW 
4)4 Ifk |S> O 
t t at 
'© '© *© 
M II HH M 
s I 8 « 
t t t t St 
8 t 
8 M S 











H ir> N 
S i S 
i„ A • ^ ;v i. i. W W (ML < l^ IF% W^ 9\ # . ^* 
125 
thm •oltttton mt%»r •i|atlt%rtwi «•« tet«r«ifi«a t l t r t « t t r t « e l l y 
tttiBg 0*ODill IWA «• t U r M i t * Tli« Ktf iniliwt wtrt ••lealiit«if 
br th« tonmlm wmp^rfa la ^ a ^ c r Tf» fhe rv ta l f * are stiiwa 
tn tim^ 13 t«1it« S#, 
l?agatti*tty» Mj^rattoiMi af w t a l t»m 
Qamtttaitl i^ •«p«r«tt<»i« of ta«t fnportmit natal torn 
of aaa l f t lea l a i t l t t f vara aolilavai on ilia ealtama af i tn ( I i r )» 
tuaxatavana^a^aapiiata* i *0 g af tha axaliangar In tiytfrogan fara 
(90*100 «aaii) waa talraB lata a glaaa aolagm of U d , 0.6 em, 
mv waa f t rat ma m^ ttiaa tba mlxtiira af laatal looa viia paura<f 
and altaira<l ta ba a«aar%ad« fha aiatal lona mer9 ttiea aletatf 
aaparataljr oatag aattal^la a l a t l n i reagaata aa^ detanilaa<f ^ 
IPTA t i t ra t laaa* Ttia flow rat*" of tlia affteant vaa walntalaatf 
1 ttl mUT tttrottgliotit tlia alatlon proeaaa* Haaalta of aaparatloaa 
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QnMitltailv* M|>arftfta«9 of wmtml 1IMI« ott tinCT?)-
iitiis»l«ftm«4iipiiot^cl« (tMipte fTin»^> •otttsa* 
n%0 i«pfti«* Anouiit Amoant f*«re»iit Total 
lia* iioiif te4 t« fomi «f elnttoii 
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ttiiCrr)-tiiii|riti«vwt«^plio«|ii«|* <«P«Q4S OB t M •oe^ttiMi* of 
•jmiiitslt, ttiai I t on ^Hm mimim ToStBM rtttlo of t ^ rtootmlo, 
ttie ^ «t oltt^ tlMi tiniei|t»tt«tl»ii i t tfont aiitf oliio oa tlw 
reflnxtan tliM« flio WOSIIHIM ton oi^tong* e«i^<«ttr C *^? wmn/§rf g) 
t« oteoorvid in ilio oato of Mwiilo t7VP| propOfva Igr •Ixti if 
foofooto to tho volomt roilo of l i l t t i l ot pt!«i, ftooowr* viiott 
tlio oiwfilo to ^roporoi no log t ^ OMM yotto ot ^ loop tlio» soro 
the oo^oettr i t foooiS to inotooo* oi^tftoaotty froa 1*9 to 
f .06 wmn/6ry g (oonplo 1TT?«)* f t to iotorootlBx to fl%oorvo 
that OB roflttstng tfeo oemft i^ rodaot (fTTP.) in o atxtam of 
•odton aotoirMiodotOt oodlov to^ototo oail iiiioofsiliorto oottf, tlio 
eapaotty of tlio flool i>ro^iet (Tfffji) to fnrtiior tiMiroooo^ to 
oottfi omtofit OB<i t t liooQHioo oteoBtoollf sort otoMo (folilo S4). 
Both ttio rofloxoA r^o^Niot {ffVfJi) ona th« oBroflmod f>ro4aot 
(rnv \ fliow roproaoethto proiwrttoo ao I t ta OTtdaot froa tho 
data gtiroB to tUllo S^ » 
f t ta oloar fran ti^to St that tho hjrdratod rodlt of 
alkali iMtala asii alkoltiio oortho how oo otgatftoaat of foot on 
th« too oiEOhOBiO oai>Mtty of ttB(fV)»toi^satov«»a4lofihoafiiato. 
Tha rafloxoil OBA tha miivfloiod i»ro^ taot hoth hohaipa to a t iBi lar 
waofiar. fho htghoot oapaotty ta Ohaofvod for 8o ton 
(2»$ mn/0rr g>» 91>« ordor of osi^iwto ooj^ottr for alkali 
134 
Staiplc fTVI»JR — « * > » * > Lt* > S»* 
fa th« ««•• aliialtA* • • r lh t tit« ftaiM «rter t» tmllm** 
for tufth ttw siiipl** 
»t^*> § / • > C»2^> Hi^* 
A eompmritm of tii« tue tii^Aiig* empmity of ilfforont 
t in (TIT) bootA ton oxolioiiioro at 25 • 2^0 liioirt tliat t t f i ( fv)* 
tttngstovaaiidiopl^ oof^ iiio iftffjlt} ! • wueb iittporlflnr to ollior 
aac<!li«fii«rft 0tt<^ • • ttasnfo t^oapliftto (l«%4 trnm/dry g) (%), 
ttfttinte tufi^ototo (0«9ft ««^dfy f ) (S) and atannle iranadata 
(0,85 wiif^Tf g> (3)« I t ta alao tataraatlng to iiota tHat 
atminle tongatovaaadoi^oaf^ato haa litifear t«« aaettanga oa{>aoi^ 
ana obanleat ata^ll i tr •ti ooafiara^ ^ to Aoelila aalta aooh aa 
»t«)fmto vanatopiioaf^ata (1*99 mttn/Urf g) ( ! ) • |^ t l tratloo 
aorv»a (riioraa 9 aoll ll>) •^oa tbat ataanie t«tM;»tovi»aao{i6oa« 
liiiata %aliaT» aa a wMioliaata aald* tlia aptaka of toaa da^««a 
on ttia |)if of tlia aolettona* Tlta atfaorptloe of ft la graafar 
ttim ffa^ ta t ^ pn ragioB S«9<»lo» 
staimla taagatovaaadoffeoai^ftta liat %a«B foaad to ba 
fair ly ataxia 1» •o«9aratalr ooii©aatrata«» attr lc TOld, lijrdroebloria 
acid, aolfiliorlo aetd aad fiaf^lorle aeid« A eaniiartaen of tba 
135 
•iNiple (TTVP^s) i t mem •t«%l» t i m %h% vmntlmmM (YT?!*.)* 
i^ i l t l i rat lon wtnOf d«Mottiitr«f«t i^9 • ^ l l tb r tmi t« r«aAli«d 
« i til lis t«o tioitni of •tii4ttai for mowi of tbe «•%•! toM jHiMlttd 
»xe«t>f 6« ^ and fli * i d i l ^ tftlw at !•••% tsar Hoitrt* 
fb^nKigrfta of ttsBato tiii^«tov«BMo|3lioopboio (r i f * I t ) 
•liowii • oofittnaoao looo tn woti^t iipto 500 C, A itmrp wotflit 
losff apio « losfiorotttf* of S90 C mof %• 6vm to ff«»oirf»l of weter 
«olootil«o« ft ooit alto %9 inttrtmi tliof tti« MoomiMMittloii of 
•taanto tttfifotototia^fiioopliott otortt aftor S50 0 amU ooetlnooo 
«*>to fOO C* flM gfo4o«t loot in voigiit tti tlsio toaperotor* 
region i t pr^^tf due to t6« loot of mmoaiiti tmd {iioti^tiorooi 
%y TolotiltsottoQ. ttito ooeolotioti tt alto aiipfmrtoi fraai tlio 
ton ox^aiuio eoftoottjr data iivon to t«%to 2S« At t'oiiadtiiB a«<f 
ptiotptiorout oootontt of ttit t t t t tr lai redi»ot the oai^ aottjr 1»oooatt 
•nailer tod «aali«r, Os tooroatiag t^e toitperattire ht^aaH 500 C, 
th« vt t i^t o^ocMMt oonttaiit dot to ^ t fontitlcin of t ta^lt tto 
ox Ida* Tht tji^baoit o«|ia«tt|rt t^refor«» rodnoot to a atgl t i tb i t 
•a l t to . 
Soao lotoratttog foatortt art oi»orfo« rogordisg tht 
adtor{>ttoR of tMtal toot m tteiiaie ioogttofaoadopliotii&ato in 
oodiim fon»«to-fonit« acid ^offtr tyttoMt (fig» ts)* Ti hat been 
fo»»{l ttot tbt pn of the bofftr tirtteti affeott tiie edtori>tloe 
e r l t tea l l f . Tfaert la an Inertate to tlie Ktf iraitte of tlie iMtal loti 
136 
%• T«1IMW» J«ni«vt»iruif|*^i«««f I I I SlNtt (196%)* 
ir»l« (fTA)i y . t f9 Ct999)t » • • • • MMfWiA OMqMttQT i n * , , 
r a ^ u w v w v w i Www w v * OTi^ 9 
i« E«s«iiii««tt| @fttffrtatiH« S*t«fBlwrtl«i • f f v M M of Uttalty 
7. atf• 5, pm %f3, 
8» ftif* % {>• 5^* 
Tol« I* I I . I t 6 i (i^iS)» r « i HdttraaAi 3 ^ . , Prlaeatoiit 
Hcv ilovMir* 
! « • » t f . % p» 83d« 
I t , l » f , % p. at%, 
ttoal Ch«»ii(lffr» l»mrt ff» Vol, 5, »• 173 Ci^Si), letoroeioMo 
i s , Bof» ts« Vol. $« fi. i4ta. 
1%. ¥tkleBaor» Aamlo ior*^*^o1^^*^^('9^<^> l i t ^**^7i C i9^) . 
137 
• m s t a n wmlm m% |lto3 f«r idwH»« a l l t M M t a l t«i» «M«pl 
64^^ IBA zr^^ iilii«li ^«h»f» i l f f i f w i i l y * mmm tli« |R cf ^M 
•7«i«H I t Ummmm^ tSttvm S§ I I w ta t vimrtt ito«VMi«iai aai 
mMbl i^ t» a •tstawi at pD $• dn lB«rM«iQf tiMi gn l^trliitr 
tite aaMfflloB ^E«ta la»vMaM« fMivtoytf tli« • P U M B jpR of 
Mtfini foiwii* • imm^ mUi ^r9l«« f t r Mttfani mumpff^Um of 
• i t o l toBO U 5* H I «iio OMO of Sr % nm m wtAm t o w l M 
OMOtattI «plo fR 9 «ai l^m laotooooo iliorfaiir • • ^ M p to 
toorooooA* flito to oloo iftoorfofl tbot tiio H irotvoo of witol 
»0B0 0 0 OOMlUlf VMMlil •SCO 1li|tlUltf tO llOOiMlfOlltOlNi WI^ OF llfeMi 
to oofltoB fonw^owfomte oot4l ^folMni* flio oojpoiwN^ too 
]MI#inttSStti)f of OtOMtiO %O0|tl^ O0MMMNlflMMifiliitO IMIO tHMMt 
doMttotiotoi Hf oohtortai OOM ti^onasl wmi dtffioott 
flopof^toeo of at tot toeo ^notttottvoljr oo tto M o I l ^tOMio* 
Sffaolortto ooi Golostoo ootttotao 0«t to 0«9^ of Ci^^ (18)« 
flio %ta«r MpofottoB of e«^«^^^ amir ^ vt t l iaoi f w tbo 
Moevoiy of 0 « ^ fyoK tl»oo otoo* f l i ^ Oo m i em mtif %o 
oitttoa %r aiffofoot ooooootyotton of ooli mi ton ooo w on^iiod 
fMT oop«f«llono of t^oo Mtot tooo §m oHondilto 03} ootoi 
tt8(f¥)«t«li0t«rMMli0|iWi9^t0 OOlOMO* 
emApfun^t 
mmtAtmm Mm mmmmmt^m or mm MhtmAtw imtms 
CM yilt(ff).f8ltg8teVAIiAg&PB0SfflAH 
138 
MEftSATf^ s Am wmMmtmtwm or mm nwrnxtm mrms 
h MlliiHil'—iWlHI 
Pit tmitf^mmimfmmMmnimmmt 
pmp&r tinwiatagwgiiy lis* %«•« mmA for •^••tflA itt««tt«i 
of «rwttiit e«dliHiitet» (t>« rrtaitr •wa M i ilMHlMNi iMt* %••» 
##%9nHl<at# 99^^ro|iiQ|inMlrtiiUr sftor otaAtMi ihras n M%IMI 
•M^i«at9 PMte (i)« Prteflrr MitM« ii«f« %••• t ta i ie i on i«a 
OIISfW'Mi IVWlSlI I 9 | * RvWBVJ^rf Wmm mKWmw mm WI|MwWMNi MM 
«#t«ftttaoa OB tlBCfr>««otyliitto tm§ otoit otlitotot im immgmU 
lOn osm^uii^ rOf i^ #O*OHI olirowi'iogroiiBfjf oo voli oo IQT IWIMII* 
•t iroii«l«frtt| i^ (^f iOU 
flMi ffoooirt oteiqiilor ioolo v t ^ tftA otirfltoo os oiAoorrltooi 
bohortosr of lorloiiif oll|feoti« Milaoo ootf tiiolr oiilnoiiitol 
ooporottoao «• tho •OI«HIO 9€ %ia(IT)«ri^Higftof«iMid«|lioii^io« 
JIQOOTpilOB OSOOIOO IPOIO fNnnEwRMO 111 O l O B H O f CftOOt01| | OOOvlO 
ooii tmA %im • Islortt of iHo Ivo %oo«tto» of ^ o twyort—oo of 
iMbtOM oolvomio to ^Mi tSNitoroitootlon of OOIMMI (ft}« 
139 
SiamtiQ tttol#rid« iwstidiydrcw (IliMilite ^.S^S^R.^t »o«t«ii 
M l « ivm)t gl,9mui Miefi* «•!« (0111)9 ^tmmf {mm) maA ttilwr 
r«fti i i eiwir wMNit 137 vii^fitropliotMMittr was wi«4 fttr 
m vtttif • 8p««tr»f}li«t<MMitrf<i iititdl«« «»f« pmittmm9€ %sr it«ttti 
*si06* wM ««td f«r litAltiat • 
•yntlieatMA ^ elxliig t l ^ vtattttoii vlitfar* «f 0«0t9M Mtfiva 
timg»t«t«y e«035N mi^tiM inmsdst* Md in pii9»fb#rt« M M in tb« 
ttttal ton Mlttttim «f o*tlf tiMKilft •6i«ri4» la 1st t i l l imtmm 
ratio* I te praal^ltata »a fatwad vaa rafliaiad far $ tor*, fba 
tfatatla «ra glvaa In aiiafitar IT* 
YR afaatra af t{a(rr)*ttsiiiatafasadO|iii^pliafa drtatf at 
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fk« « i« t r l^ t lo i i «««ftl«t*8t* (Ki) for •mm Alt^liatle 
ewttt** ta tm • • ^nl% as v»rio«« 9rg«iii« •«« mUm4 tulwAit imrt 
d«t«mtiHid« 0»5 i of til* •wtbmm*^ ti> liTdregwi font (90-*tOO Mii i ) 
va» •f|ittltM«M<l vitli 9@ at of tfco Mtae ooltttloo for 6 too to o 
obaktr tnoti^ator ot 29 j^ 8 G» flio omicNii of IWIBO, iMforo oo^ 
af ior aviill^rltMit is Wit mit HfHtmnt aotetloaa of dtoatlirl 
aali^oside (liiso) iraa 4«t«f»t»o4 ai>ootro]iiotO0«trloatI|r vmimg 
St^-ataltroflBOfO^oatona %• ooloartaf roafoaf (12) # MMIB Ilia 
dlairlliatioii atadtaa vari fwtfwpmt In aana^oaoaa Mliraaia l«a* 
glaetal aootto aelH, dtoxaiia m6 mm%i9 aolll«*4!ta««Mi Blstanaa, 
tlia anottttt of OMlaa w«a datarvliwi tttrteatrtaalljf aaiag tha 
ata»4ar« aatliod (|S)« f ^ C9 vatoaa aoia tiitn oaloniaiati fejr tlia 
^ n m l a ftvan la ^aptar TI« flia raaalta ata ahomi In ta%iaa 28 
29. 
nia praetloal a t l l l ty of tl»(f?)«'taiiiatovasa4^iio«T^iata 
liaa %eaa dateraiaad %y a^iavtag aaa« teporiaai litnArsr aaparatloaa 
of altrltatle a«la«9 on tta aoioMaa* for oaparattoa pu*|>ooa ^ a 
oolons waa lovporad aateg 2,0 g of oaokasiar (5CKI0Q aaib) In 
byarogaa fata la a glaaa aoloHi of tataraal diaaatar 6*6 o« 
In oaeli oaaa. A alxtare of anfnaa iraa tlita appllafl aad alloaad 
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tims 89 
- t . MttrtllttttOB •fltffi«l«1lt» (Hi ff ) Ot Mll««» «B 
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•n %im 9mB^9m^r were flM» etitted wttli ea l t^ le e lut la i fease«te« 
•1 Ylie flew rate of tiie effluent wee •MtttietaeA 1 wl «t« tmttl 
tte Mitiiee were eoKiiletety elstetf frew tlie eelOMi. Tite eslnee 
fa 10 at freettone of tIte efflaeot were eolleete4 ma tfotemiBoi 
ettlier tltnMMifrfeell|r (i^) or %r 9%mi»w& epeotrofilietQaetrlo 
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sssctTS m^ Rfs0cssfOif 
^>*.i,» i«fc*iiiii»Wii«i|iiilllMWWii-
• t 40 0 tibmn iltrtv p««irf «l«iig wttli ilw putk* fvr aitjol at 
8900 mT^t ^^^ ««*^ «B4 <3iO «ii*^ UA)* fhm p9Wk %•««••» 
•1 5700*3900 «• I t ^w to tsUmtl t t t t l wiiter« fre« v«%«r Mitf 
•1 Off grwtpm fh^ ilierp fwiilt la iMttmcs 19IOO»f600 9m «tt6 MmlMM 
n^ffort'tloR At 16%0 «»* » MaoiNits for in ion t i t to l wotor aoloottU* 
ttte third brood i>ooie ot l^ OO-^ mo en f^oiro tbe |ir«o«iio« of » t ta l -
OM^nmk bend* tlio tn opoetro ariod ot dlfforoat towporotoroo oiiev 
•1 ttio *»m pottom of fioolro oaaopt tlit itooH at 1610 o« wlileli goos 
on dlMlnloblfigi Indioottiii ^lorobr* tt)« ioo« of tntorottttol votor 
•oleeotoo doo to bftotl^. At 600 C^  tlilo {leok irotttolioo oovplotoly. 
i^on ttio towporotart to roootMd to 800 C tlio pootc In %otiPO«« 
3700.3900 « - * 1 . . 1 . . r,m^. 
ftm WB volooo om tl»(1V)»tiiBiotovwiOdo|iioo$lioto to tftosmw, 
floolai 000110 mi& and tiio Mlxtoroa of tli# two ootvaoto (ta%la 28), 
9hm that oa laeroaoliig tbo oootle ael i e^ontrat loi i la tito «tao4 
oolvoata, m •aloa daortaaaa* f t ia lataroattas to aoto that tiw 
m valoa iBOfoaaoa In the aolottoa dIoxMBOtaootIo aoti gf lt%« 
f M aittrlliatloa eooffleltata of thoto Milaoa «f« lAao atadloi 
In iflfferaat ooooaatratloaa of WBQ (Talilo 29) • ffco SA i«l«o <ata 
aboif that an tho vator ooataat In IUSO laoroaaea tho SS valaa, 
In goaoral* laoraaaoa alaoat for a l l tho aalooa* Tho Id valaoa 
of tribotyl aaiao aad prop^fl aalaa ara foaad to ho irorr high la 
149 
• I t e«M»titnitloiis of iufso* A eospartson ef tlM CI v«lit«« ta IMV 
•HA pmm mratmie selvviit* ^^mm tfte followfi^ • r i« r 
fil¥ ^ dtOKftM ^ Wmo «fid aeeti« M M , 
Tfe«f« t« 89 n«^h difftr»n€« In th« dlntrtlMiiioB •o»fftei«iitt 
of noiit of tli« M i M t ^#fi Oit »tail*s iirt p«rfoiwNi In nfBO tm$ 
aQ«tte »eie «»aia« 8oif«wr, ojreloh^xyt Mint plptrldtiM Mtf 
diid^eirl miino Hmv litgli sa fsloes in «»«tte 0<it<l irtitrtM Mthr l 
Milfie aiHf ih»1>atfla«liie ar^ ttro^l^lr adMirlMitf te MHO «*4t«H» 
on tit* iMMilc of M imltttii of «»t8«t wmm fttMuy tofiaroltoiio 
ar» aeliio^tf m the eoto»« of tisCtf )«tinii«tot«MitfO|i^e«9iHHo« 
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55t 377 (197©). 
?• N«liff^i«r mtf N^^wNNilly d^Bti^vCMB*^ tS$» KI7 Ci957)» 
%• f*l.«F«rrr «i^ «^«A«8riif^ M#ir, ^»G^mmUmw^^ t i t 39» <t9i5)« 
5* s«i!oi^r ma i*^«ii«wr» •^Cftkr«in«liMpr«t eft %• (1966)* 
S* it«A»Van, J.Oii'QMtoir.t €6, i95 (1971)• 
7. R.A»ir«ll, 4,mtmmt9gt.t 37i 5*9 {1968)» 
8» t^^tprli F«fi«fi»«ld»ii Alii VjSmn^ <l^f«Nit«gr«i 79» i t9 
(1975)# 
9. ^.rtiiMnii mm J,p«iimiit i tpi«8t l , , t i O ) , t i l (t9?7K 
ld« J«r»tiMit, ti,AMit«r M i !l«l0ttl« J4«lf«gtiri«iliHf»» 
^ 999 (1983)• 
! ! • dr,ifi«^«ii ^r«« f«M«»iiiii«fft 8«8«rvMiiAMr mM A««tleiXft»y» 
Ofpnil* iMi«l3r«l«, V«l« n i t »• 1^ 9 (1996)f ^tctft l iMM 
18« r,!»«aMll mA C«f •SMlIt e«l«rteftr^ at^bMl* «f MMljrvttt 
?«l«rrt !»• 97 (1969)• B«?A }io»tfft»A iiwpmy !•••» frtM«t«i« 
13« l.^«ftfiiii«li«»t if«il»«Clt«««$«t,t 2 b 19^9 (i9!l9)« 
1%» m$i HalMBltlilt ^ itIiMryliMi Sptityaifpyt P* 9 (19i8)t 
iioUl«i Bift ^"** ^M fftntlMNi HMUQdo Q^tpMift filgrot 
